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CHAPTER 1

INTRODUCTION

A. Processing Fluency
People use cues from the environment to select information for further processing.
Metacognition can be thought of as beliefs and judgments about how memory operates
that guide people’s allocation of their cognitive resources (Besken & Mulligan, 2013)).
Cognitive tasks can be rated on a scale from effortless to higher effort, with each task
generating an equivalent metacognitive experience rated on a scale from fluent to
disfluent (Alter & Oppenheimer, 2009). One metacognitive experience or cue,
processing fluency, has been described as the subjective ease people experience when
processing information. Empirical research has shown that processing fluency influences
people’s judgments across several dimensions (e.g., truth, liking, confidence, frequency,
and learning). Different cognitive cues exert a variety of effects depending on the
context-specific interpretations of fluency. These naïve theories or heuristics are
acquired over time and act as a guide for how to apply fluency to domain-specific
judgments. Alter and Oppenheimer proposed a three-stage process of cognition +
metacognition to explain these differential effects. Stage 1 combined cognition and
metacognition, Stage 2 integrated fluency with naïve theories, and Stage 3 consisted of
the domain-specific judgment output. Research has found that heuristics used to guide
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metamemory predictions are not always accurate predictors of actual memory
performance (Alter & Oppenheimer, 2009; Kornell, Rhodes, Castel, & Tauber, 2011).
Superficial cues that do not affect performance may be used to create judgments.
Schwarz et al. (1991) demonstrated that fluency influences judgments independently of
the cognitive content that accompanies the experience of fluency. Participants made
judgments about their own assertiveness after recalling 6 (an easy or fluent task) or 12 (a
difficult or disfluent task) examples of assertiveness. Participants rated their own
assertiveness according to how easily (fluently) examples came to mind rather than on
the total number of examples of assertiveness they had generated, to suggest that the
assertiveness judgments were made independently of the cognitive content. This
independence is important because people use the metacognitive experience of fluency to
judge how to allocate cognitive resources (Alter & Oppenheimer, 2009). If these
judgments are based on inaccurate cues, then people may make poor choices in decisions
about which information is important and worthy of further attention. For example,
students who perceive material as easy to read may decide to terminate study before
material has been mastered based on an inaccurate metacognitive judgment of how well
the material has been learned (Rhodes & Castel, 2009). Fluency is one of several cues
thought to influence people’s judgments.
Judgments may be influenced by past experiences as well as current cues. As
described by Undorf and Urdfelder (2015), cue-utilization theory posits that both the ease
of processing during study and pre-existing memory may affect people’s memory
performance predictions. Judgments of learning (JOLs) are predictions of how likely
recently studied information is to be remembered on a future memory test (Nelson &
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Narens, 1990). In cue-utilization theory, intrinsic cues refer to the a-priori difficulty of
to-be-learned information and extrinsic cues to study conditions and the learner’s
encoding operations (Undorf & Urdfelder, 2015). Intrinsic and extrinsic cues can affect
JOLs either directly through applying memory beliefs or indirectly through mnemonic
cues, respectively. Mnemonic cues derive from people’s current processing of items and
are assumed to prompt a subjective feeling of mastery. Undorf and Urdfelder tested the
relatedness effect (higher JOLs are given to related word pairs than unrelated word pairs).
Participants studied word pair lists with high associative strength (relatedness) or a wide
range of associative strengths and processing fluency was operationalized as the number
of trials to acquisition (Experiment 1) or self-paced study time (Experiment 2). Both
measures of processing fluency mediated the relatedness effect on JOLs for both types of
lists. Undorf and Urdfelder proposed that mnemonic cues (trials to acquisition or selfpaced study times) evoked a more fluent encoding for related pairs and thus created a
higher experience of knowing as indicated by higher JOLs.
B. Memory Beliefs and Fluency
Pre-existing memory beliefs may affect judgments of fluency. Mueller,
Dunlosky, and Tauber (2016) demonstrated that memory beliefs play a larger role than
processing fluency by investigating potential mediators of the identical effect (identical
words are given higher JOLs than related pairs). Self-paced study times did not mediate
the relationship between pair type and JOLs. Perceptual similarity (words presented in a
matching or alternating case format) did not mediate the fluency effect on JOLs. Prestudy JOLs were provided based only on a description of the stimulus. Identical pairs
garnered higher pre-study JOLs in the absence of stimuli processing, ruling out the
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possibility that the identical pairs seemed more fluent. These outcomes supported a large
influence of memory beliefs and allowed only a small role for processing fluency. The
results were interpreted as consistent with the analytic-processing theory of JOLs which
posits that when making JOLs, an analytic problem-solving approach is utilized that
involves identification of variation across pairs that could reasonably be thought to relate
to memory and then using this variation to make JOLs. Given the conflicting outcomes
for the influence of fluency and memory beliefs on JOLs, further research was needed.
It is often the case that more than one perceptual cue is used to form judgments.
The dual-basis view posits that JOLs incorporate both deliberate applications of
metacognitive beliefs and nonanalytic, implicit inferences based on fluency (Undorf,
Zimdahl, & Bernstein, 2017). To study the dual-basis view, participants were presented
with stimuli that gradually increased in size, instructed to stop the clarification process as
soon as they identified the stimulus, and were asked to provide a JOL. Stimuli were
initially presented in a size too small to be identified and gradually increased over time.
Clarification speed was varied to manipulate perceptual fluency. The less time it took to
identify the stimuli, the higher the JOLs, independent of clarification speed. Fast
clarification speeds indirectly increased the JOLs by decreasing identification time. In
another experiment, participants were divided into learners and observers with only the
learners able to use the clarification speed and processing fluency, presumably leaving
the observers with only pre-existing memory beliefs to inform their JOLs. The inverse
relation between identification time and JOLs was only observed in the learner group
indicating that perceptual fluency may have produced the size effect (clarification speed)
in JOLs and that perceptual fluency is an important factor in JOLs. To summarize, both
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perceptual fluency and memory beliefs affect people’s judgments. To date, fluency
research has focused on the visual domain with little research on other types of sensory
fluency (Murphy, Spence, & Dalton, 2017).
Given that different environmental cues are used to make judgments, it is logical
to think processing fluency would affect judgments about aural stimuli. Auditory fluency
has been studied by several researchers (Besken & Mulligan, 2014; Frank & Kuhlmann,
2017; Rhodes & Castel, 2009). Rhodes and Castel designed a study to determine whether
features of auditory stimuli would influence predictions of memory performance,
memory recall, and decisions regarding which items to restudy. Words were presented to
participants in either a quiet or loud (approximately three times as loud) volume, item
level JOLs were collected, and participants completed a free recall test. In Experiment 1,
participants gave higher JOLs to words presented in loud volume than to words presented
in quiet volume, yet volume had no effect on recall performance. In Experiment 2,
participants were offered the chance to re-study words and were more likely to choose to
study words presented in quiet volume. This demonstrates that auditory information
affects JOLs and study choices although there is no effect on recall performance. The
outcome of Experiment 1 suggested that bottom-up processes (physical characteristics of
items) influence metacognitive judgments. The outcome of Experiment 2 indicated that
participants sought to reduce the discrepancy between their perceived current state of
learning and their desired state of learning as predicted by discrepancy reduction theory.
Judgments may be affected by both subjective and objective difficulty. Besken
and Mulligan (2014) tested the perceptual fluency hypothesis in an auditory modality
using generate manipulations (stimuli that require the participants to generate missing
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information). Prior fluency studies had produced a single dissociation with JOLs
predicting that fluent stimuli would be remembered better than disfluent stimuli, with no
difference in memory performance between fluent and disfluent stimuli. Besken and
Mulligan hypothesized a double-dissociation between memory predictions and
performance would support perceptual fluency theory. Fluent stimuli could garner higher
JOLs while disfluent stimuli were better remembered. Across six experiments,
participants identified aurally presented words that were inter-spliced with silence
(generate conditions) or that were intact (intact condition). The purpose of the
experiments was to determine if auditory fluency affected metamemory judgments and if
disrupting perceptual processing and/or generation could enhance memory as had
occurred in the visual domain. Intact words garnered higher JOLs than generate words
whether the JOLs were collected at the item-level or at the aggregate (end-of-list) level,
while actual memory performance was higher for the generate condition. This double
dissociation between metamemory predictions and memory performance supports the
perceptual fluency hypothesis. The generate condition produced an increase in naming
latency as compared to the intact condition which was correlated with the decrease in
JOLs. This suggested that both objective and subjective difficulty may influence JOLs.
Intact words continued to garner higher JOLs even when participants were informed that
the generate condition produces equal or better memory than the intact condition.
Preexisting memory beliefs and in-the-moment judgments of processing fluency
may affect participants’ learning predictions and memory performance in different ways.
Frank and Kuhlman (2017) expanded on the Rhodes and Castel (2009) study by
independently assessing the effects of existing beliefs about memory and experience on
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metacognitive judgments. Participants gave global differentiated predictions (GPREDS)
estimating the percentage of loud and quiet words that they would remember on a recall
test. GPREDS are made before viewing stimuli and thus are thought to measure preexisting memory beliefs. Immediate JOLs were also collected after each item was
studied. These JOLs are thought to measure in-the-moment effects of loud or quiet
volume. Participants also gave global differentiated postdictions (GPOSTS) of memory
performance following each recall test. These aggregate JOLs are thought to measure
participants’ ability to monitor performance on their study experience and the persistence
of pre-existing metacognitive beliefs about volume. In Experiment 1, participants gave
higher immediate JOLs to loud words than to quiet words even if they did not indicate via
their GPREDS that they believed that loud words would be easier to remember. In
contrast to Rhodes and Castel’s (2009) study, performance was slightly higher for loud
words suggesting that beliefs about volume and memory may be somewhat accurate. In
Experiment 2, Frank and Kuhlman manipulated volume by reducing the perceptual
difference between loud and quiet stimuli by 50% in one condition while maintaining the
large perceptual difference in the other condition. They reasoned that if beliefs about
volume are absolute (louder words are always remembered better), and item-level JOLs
are strictly belief based, then volume-differences in GPREDS, JOLs, and GPOSTS
should be similar for the two volume conditions. Only item-level JOLs were influenced
by dose suggesting that both processing fluency and beliefs affect JOLs. Cumulatively,
the results indicate that different cues are used for different metacognitive judgments. If
this is true, disfluent stimuli may produce different effects on learning predictions and
memory performance than fluent stimuli.
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Stimuli that are perceived as disfluent require longer to process than fluent
stimuli. Alter (2013) described humans as cognitive misers who prefer to process
information on a superficial level to reach minimally acceptable conclusions. As
described by Alter, an experiment by Alter, Oppenheimer, Epley, and Eyre (2007) asked
participants to answer questions from the Cognitive Reflection Test which primes an
incorrect solution that requires deliberate reconsideration to correct. According to Alter,
the first question asks “A bat and a ball cost $1.10 in total. The bat costs $1 more than
the ball. How much does the ball cost?” Many people answer intuitively – the bat costs
$1 and the ball costs 10 cents- but this is incorrect. The correct answer is the ball costs 5
cents and the bat costs $1.05. Alter and colleagues hypothesized that the introduction of
a cognitive road block, such as processing disfluency, would signal a need for deeper
processing and result in fewer intuitive errors. Questions were presented in 12 pt. fluent
font or 10 pt. gray, italicized disfluent font. Participants in the disfluent condition had
significantly higher scores and made fewer intuitive errors than those in the fluent
condition suggesting that they had used a deeper level of processing. Such single
dissociations, between memory predictions and performance, are thought to be evidence
of an illusion in metamemory that an item would be easier to recall later based on its
current perceptual ease of processing, with no corresponding increase in recall
performance.
Participants’ judgments about their performance may be accurate, partially
accurate, or inaccurate. Besken and Mulligan (2013) posited that perceptual fluency at
encoding affects memory, and that other processes may affect actual memory
performance. They hypothesized that perceptual interference would produce a crossed
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double dissociation in which an encoding variable produces opposed effects on
metamemory and actual memory performance. They used a perceptual interference
manipulation in which study words were presented in either an intact condition (easy) or
in a perceptual interference condition, in which the words were presented briefly (100
ms) and then backward masked (replaced by Xs, difficult). The perceptual interference
condition was thought to reduce perceptual fluency as measured by naming accuracy
(i.e., fluency was interrupted during encoding). In Experiment 1, participants were
presented with mixed presentations (both conditions), followed by a list-wide judgment
of learning and a free recall test. Participants predicted higher recall for intact words, but
performance was better for backward-masked words. In Experiment 2, JOLs were made
immediately after each study word. Participants gave higher JOLs to intact words than to
backward-masked words, yet recall was the same for both types of words. Thus, the
perceptual interference condition garnered lower JOLs whether the prediction occurred at
the end of the study phase or after each word was presented, whereas performance was
either better for the backward masked words or equal in both conditions. This crossed
double dissociation is consistent with the predictions of processing fluency theory and
further supports the idea that under certain conditions perceptual disfluency sometimes
results in higher recall performance. If disfluency sometimes enhances memory
performance under artificial lab conditions, would the same outcome apply in a more
naturalistic setting?
Research that demonstrates the potential to enhance society generates a great deal
of excitement among researchers. Desirable difficulties, such as generating letters in a
word pair (e.g., “salt”: “p_pp_r”) during memorization, as described by Diemand-
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Yauman, Oppenheimer, and Vaughan (2011), are thought to create additional cognitive
burdens and improve learning. Such desirable difficulties are thought to simultaneously
manipulate both objective and subjective difficulty when encoding material. DiemandYauman and colleagues reasoned that if disfluency could be restricted to subjective
difficulty during encoding, participants would be less likely to use heuristics, and more
likely to use an analytical, deeper processing. In Experiment 1, fictional biological
taxonomies were presented in either easy-to-read fluent (16 pt Arial black font) or
difficult-to-read disfluent (12 pt Comic Sans MS 60% grayscale font or 12 pt Bodoni
MT 60% grayscale font) lists. Participants in the disfluent condition answered 14 %
more questions correctly than those in the fluent condition. Experiment 2 presented
lessons in AP English, Honors English, Honors Physics, Regular Physics, Honors US
History, and Honors Chemistry to public high school students in randomly selected
classrooms in either disfluent (Haettenschweiler, Monotype Corsiva, or Comic Sans
Italicized, or when electronic formats were unavailable study materials were moved up
and down during copying) or fluent font (unaltered materials). Students in the disfluent
condition scored significantly higher on classroom assessments than students in the fluent
condition. The authors concluded that the perceptual disfluency tricked students into
using a deeper level of processing. In a similar study, French et al. (2013) demonstrated
that students across the ability spectrum had a significant improvement in retention and
recall coupled with lower confidence when presented with information in a disfluent font.
The results of these two studies suggests that disfluency acts as a warning that additional
study time is needed.

10

Research that shows great potential to improve learning outcomes in one trial may
not have the same outcome in other trials. The potential impact on student learning of
this inexpensive manipulation resulted in many attempts to replicate the disfluency effect
with most producing negative or null effects of disfluency (Kuhl & Eitel, 2016).
Rummer, Schweppe, and Schwede (2016) posited that distinctiveness could have
accounted for the disfluency effect in the Diemand-Yauman et al. (2011) study.
Rummer and colleagues (2016) used slightly modified replications of the DiemandYauman et al. study lists and presented participants with 5 lists. In Experiments 1 and 2
participants received either four fluent lists and one disfluent list or four disfluent lists
and one fluent list with the positions of the distinctive list varied across participants. In
Experiment 3 participants always received the distinctive list last. Learning performance
was unaffected by any of the experimental manipulations calling into question the
disfluency effect on varied learning situations.
Researchers often endeavor to define the parameters under which an effect will
occur. In an attempt to identify the parameters under which disfluency manifests,
Magreehan, Serra, Schwartz, and Narciss (2016) had participants study a list of pairedassociates over two-study test trials and give immediate JOLs after studying each item.
Across five experiments, they manipulated the fluency (fluent or disfluent font) of items
between-subjects or within-subjects and whether other cues (i.e., item-relatedness and
study time) were available for participants to use when generating their JOLs. The
results demonstrated that perceptual fluency only affected JOLs when fluency was
manipulated within-subjects and item-relatedness was unavailable as a cue to participants
when making their JOLs. The authors concluded that multiple levels of fluency might
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need to be present for perceptual disfluency to affect memory performance. They also
posited that memory beliefs, fluency, and JOLs may demonstrate different relationships
depending on the learning situation. For example, information that is already well-known
to students (domain familiarity) may be judged as more fluent, overriding any immediate
perceptual fluency manipulations. This suggests that fluency needs to be studied using
more realistic experimental manipulations.
The parameters of experimental effects can be discovered through replications.
Kuhl and Eitel (2016) posited that the lack of successful replications of disfluency found
in the Diemand-Yauman et al. (2011) study could be the result of a file-drawer problem,
with researchers producing null or negative results for their replication not submitting
their research for publication. They conducted a review of 13 experiments with a total of
more than 1000 participants that attempted to replicate study 1 of Diemand-Yauman et al.
(2011) both directly and conceptually. As described by Kuhl and Eitel (2016), the
discrepancy reduction model posits that students continuously monitor and control
processes in self-regulated learning situations. When students perceive that learning is
easy, they terminate study early. In contrast, if learning is perceived as difficult, students
are less confident that they can reach their desired level of mastery and may prolong
study or re-study information. Discrepancy reduction theory has been offered as an
explanation for why disfluency would enhance performance for cognitive tasks.
Disfluency was found to affect monitoring (i.e., JOLs) when disfluency was manipulated
within-subjects, and computer delivery was used. Disfluent materials affected study
times yet did not always affect performance suggesting that the increased study time was
used to process the more difficult presentation rather than eliciting a deeper level of
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processing. The authors suggested that disfluency research shift from perceptual fluency
to generative fluency because studies that asked participants to generate information (i.e.,
missing letters in a word) had the largest and most consistent disfluency effect. This
review approached disfluency by asking when disfluency produces null or negative
effects and suggested that processing disfluency was not beneficial. In contrast, other
reviews, such as Oppenheimer and Alter (2014), have searched for moderators of
disfluency and suggested that further research should be conducted.
There are many potential factors that could influence disfluency. When
accounting for the inconsistent results of disfluency studies, the possibility of Type 1 or
Type 2 errors could be analyzed; however, with numerous studies showing disparate
results, moderators may be considered as a better potential explanation (Oppenheimer &
Alter, 2014). Disfluency can be thought of as a cognitive alarm system that indicates a
need to devote additional cognitive resources to the task at hand. This increased attention
is thought to result in deeper processing and improved memory for the material. In
theory, stimuli that interrupt this deeper processing should also disrupt the benefits of
disfluency. Oppenheimer and Alter described the following moderators of disfluency: a
cognitive task that is too difficult to complete in the absence of disfluency, a perceptual
manipulation that is too strong or too weak, attribution of disfluency to a specific cause
(e.g., toner was almost out of ink), a high level of motivation produces a deeper level of
processing whether disfluency is present or not, and explicit learning instructions trigger
a deeper level of processing. Oppenheimer and Alter suggested that disfluency still
holds the potential to be an effective learning tool and issued a call to action to search for
additional moderators of disfluency. Disfluency may also result in delayed memory
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benefits while immediate memory performance in unaffected. Weissgerber and Reinhard
(2017) manipulated the fluency of font (hard-to-read, lexically disfluent with 20%
scrambled letters, or in its original format) of textbook material on brain-lateralization.
Participants were tested shortly after study or after a two-week delay. Higher recall only
occurred for the delayed test suggesting that disfluency reduced forgetting and produced
delayed memory benefits. Information was also tested after a time delay in the DiemandYauman et al. (2011) and the French et al. (2013) studies and found a disfluency effect.
Studies such as this demonstrate the need for continued research on perceptual
disfluency.
Another way to study disfluency is to measure unconscious biological responses
to task difficulty. Von Helverson, Gendolla, Winkielman, and Schmidt (2008)
investigated subjective and objective effort in an ease-of-processing paradigm. They
defined accessibility as a broad sense of effort in a cognitive task. This type of
experience is usually tested by having participants generate or retrieve a large amount of
information and subjectively rate the experienced level of difficulty. In the easy
condition participants were asked to generate or retrieve a few examples and in the
difficult condition participants were asked to generate or retrieve many exemplars. Von
Helverson and colleagues described the availability heuristic as a tendency for people to
use the ease with which examples or associations come to mind to estimate event
frequency and probability. Early studies of the availability heuristic did not measure
whether judgments were formed based mostly on the amount of accessible information
(i.e., retrieval content) or the experience of accessibility (i.e., retrieval effort). Von
Helverson and colleagues, described prior research that had demonstrated that systolic
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blood pressure (SBP) responds to increased mental effort or cognitive task demand.
Subjective (via self-report) and objective (via SBP) effort were measured simultaneously
in an ease of argument generation task and in an ease of retrieval task. Increases in SBP
in the many exemplars conditions, indicated that objective effort was higher compared to
the few exemplars conditions. While both objective and subjective effort were higher in
the many exemplars condition, subjective difficulty had a notably larger influence on
JOLs. Given that both types of effort influenced JOLs, perhaps the relationship between
metacognition and memory performance could be better explained by a theory that
measures innate task difficulty and perceptual difficulty separately.
C. Cognitive Load
There are many theories about how humans acquire knowledge. According to
Cognitive Load Theory (CLT), there are three types of cognitive load (CL) which can
influence knowledge acquisition: intrinsic CL (ICL), extraneous CL (ECL), and germane
CL (GCL) (Lehmann, Goussios, & Suefert, 2016). ICL is caused by the complexity of
the task and cannot be changed without changing the task. ECL depends on the quality
of the instructional design and is controlled by instructional designer. ECL reduces the
working memory capacity (WMC) learners have available for the task at hand. GCL
consists of processing, construction, and automation of schemas that contribute to a
deeper comprehension of the task at hand. CLT predicts that reducing ECL and
increasing GCL should enhance learning. In contrast with this prediction, disfluency
sometimes seems to increase learning. Lehman and colleagues reasoned that CLT would
predict that only learners with high WMC would be able to benefit from disfluent texts,
thus explaining the inconsistent results of disfluency studies. Participants were tested for
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prior subject-matter knowledge and were randomly assigned to the fluent (Arial 12 pt.
black) or disfluent (Haettenschweiler 12 pt. grayscale, 35%) font condition. A
computer-based test was used to measure WMC. Participants were tested with a
retention test, a comprehension test, and a transfer test. ICL, ECL, and GCL were also
measured using a questionnaire. There was a significant aptitude-treatment-interaction
between WMC and disfluency. WMC only had a significant influence in the disfluency
condition, with higher WMC producing higher retention and comprehension
performance. This is consistent with CLT because the additional cognitive load created
by disfluency would leave less WMC available for a relatively more demanding task such
as a transfer test. WMC should be used in future perceptual fluency studies as an
additional independent variable or covariate. Researchers should also investigate other
theories that may explain fluency and disfluency effects.
Perceptual Load
People exhibit some degree of control over what stimuli are prioritized over
others. The environment continuously offers more perceptual information than people
can process, yet people are able to select the information that they want to attend to while
ignoring other information (Murphy, Spence, & Dalton, 2017). As described by Murphy
and colleagues, perceptual load theory proposes that perceptual load determines whether
irrelevant information can be successfully ignored. This theory assumes that people have
a limited capacity for processing perceptual information and that all information will be
processed until an individual’s capacity is exceeded. It is volitional control that enables
people to focus on relevant stimuli while ignoring less relevant stimuli. If the relevant
task is perceptually demanding (high perceptual load), then little capacity remains to
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process irrelevant stimuli. If the relevant task has a low perceptual load, only a small
portion of people’s perceptual resources are allocated to the task. Given that a large
portion of people’s perceptual capacity remains unused in a low perceptual load task,
irrelevant distractor processing is greater because the excess capacity is used to process
the irrelevant task. Load theory also posits that successful selection is determined not
only by perceptual load, but also by the availability of working memory to focus on the
relevant task. If WM capacity is exhausted through a concurrent, yet unrelated task, topdown control resources are unavailable to prioritize the relevant task, and greater
distractor processing may occur. According to Murphy and colleagues, most perceptual
load theory research has focused on the visual domain and only recently have researchers
begun to study the auditory domain. Information is organized differently in the two
domains; thus, direct comparisons are difficult. Vision tends to narrow in focus as
perceptual load increases. Such a narrow focus is unlikely to occur in the auditory
domain because hearing is thought to act as an alarm system that warns people of danger
in the environment. The aural environment is thought to occupy a larger spatial domain.
While all perceptual systems habituate to background stimuli, changes attract attention
and can be quickly scanned. Researchers may need to operationally define auditory
perceptual load in terms appropriate to the auditory domain.
D. Auditory Perceptual Load
Some potential operational definitions of auditory perceptual load are the number
of items in the display, the level of similarity between targets and non-targets, the number
of perceptual operations required by the task, measuring irrelevant distractor processing,
response competition, awareness reports, neuroimaging, and EEG (Murphy et al., 2017).
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Selective attention in the auditory domain has often been studied using dichotic listening
tasks, and results suggest that information in the unattended channel is usually processed
minimally with participants only able to describe the most basic physical characteristics.
Most of these tasks were conducted under highly artificial conditions and more recent
studies have begun to use more naturalistic paradigms. Murphy and colleagues described
a study on the inattention paradigm as an example of how salient information (such as a
person dressed in a gorilla suit) can be missed when attention is engaged in another task
(such as counting basketball shots). They also described an auditory version of this
paradigm using a three-dimensional auditory scene with two concurrent conversations,
one between two male voices and one between two female voices. Participants were
instructed to listen to either the male voices or the female voices. An additional male
voice appeared and said “I am a gorilla” as he walked across the scene for over 19 s.
Most of the participants who were asked to focus on the female voices failed to notice the
unexpected male voice suggesting that auditory selective attention can occur at an early
stage of processing in realistic settings. Results from other studies reviewed by Murphy
and colleagues demonstrated that semantic processing occurs in the unattended ear;
however, most of the studies did not directly manipulate auditory perceptual load.
Operational definitions of auditory perceptual load are often created using
definitions borrowed from vision studies. One such study directly manipulated auditory
perceptual load using operational definitions used in the visual domain (Murphy et al.,
2017). Increasing the number of items to be attended to significantly reduces target
identification in visual tasks. Researchers applied this increased number of targets in an
auditory task. As the number of concurrent streams increased, participants correctly
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identified fewer targets, a phenomenon known as change deafness. This outcome
supports the idea that auditory perceptual load is sometimes increased by the same
mechanism as visual perceptual load and using similar definitions may be appropriate.
Decreasing the similarity between targets and non-targets also reduced the percentage of
correctly identified targets for both domains. These studies are thought to have directly
manipulated auditory load; however, the studies were potentially confounded by the
increased memory demands and higher-level cognitive processes required by the tasks.
Thus, alternative auditory load manipulations may need to be developed.
Auditory and visual processing are similar in some features and distinct in other
aspects. Given that there are processing differences between the visual and auditory
systems, some researchers have proposed alternative auditory load manipulations
(Murphy et al., 2017). Murphy and colleagues reported that varying the length of the
inter-stimulus-interval (ISI) produces mixed outcomes. ISI manipulations are thought to
be accompanied by changes in the strength of perceptual segregation; thus, confounding
the results. Another alternative manipulation described by Murphy et al. is to vary the
signal-to-noise ratio (SNR) by adding noise. A criticism of SNR manipulations is that
they degrade the target sound and increase intrinsic task difficulty rather than perceptual
load. In summary, auditory load manipulations have been confounded by increased
memory demands or higher cognitive processing. Murphy et al. described experiments
manipulating SNR that demonstrated clear reductions in neural activity related to
distractor processing under high and low load. Thus, SNR manipulations support
perceptual load theory and provide an avenue of study for auditory perceptual load.
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E. The Current Study
The current study manipulated auditory perceptual load using a monaural
listening task with two simultaneous speakers because research has shown that spatially
separating simultaneous talkers can result in significant unmasking (Brungart, 2000). We
reasoned that if we used another speaker as a masker, we would increase the auditory
processing load without degrading the original signal as occurs when using noise as a
masker (Murphy et al., 2017). In theory, this reduced the likelihood that the manipulation
increased intrinsic task difficulty rather than processing difficulty. Brungart (2000)
conducted a study using informational and energetic masking effects with two
monaurally presented simultaneous talkers. The results revealed that informational
masking (simultaneous talkers) accounted for most of the decrease in task performance
with energetic masking (noise) having relatively little impact. The relationship between
the sexes of the target and masker had a large impact on performance with the sex of the
target talker having relatively little impact. Performance was reduced the least when the
target and masker were of different sexes. Performance was reduced more when the
target and masker were the same sex and performance was most negatively affected when
the same voice was used as masker and target. The current study used two male speakers
and two female speakers to assess the impact of target and masker sex conditions on
auditory load. Four introductory level Great Courses Science lectures were adapted into
3 min segments and used as auditory stimuli. We reasoned that science lectures would
prevent emotional reactions to the stimuli. Lecturers had no detectable accents and
similar pacing.
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In conjunction with the simultaneous speaker manipulation, the SNR level was
manipulated within subjects at 0 dB (decibels) SNR, -3 dB SNR, and -6 dB SNR. SNR is
the level of relevant target speech relative to the level of the masker speech (McShefferty,
Whitmer, & Akeroyd, 2015). McShefferty and colleagues demonstrated that the justnoticeable-difference (JND) in SNR is three; thus, a 3 dB difference was used between
each of the three conditions. In terms of loudness, in the 0 dB condition, the masker and
target voice were equally loud. In the -3 dB condition, the masker voice was twice as
loud as the target voice. In the -6 dB condition, the masker voice was four times as loud
as the target voice. It was hoped that varying the SNR would prevent participants from
habituating and/or compensating for the fluency (masking) manipulations. Although
Brungart (2000) found that performance plateaued above chance at 0 SNR and even
increased in the same-sex target/masker condition, other auditory studies (e.g.,
Koelewijn, Shinn-Cunningham, Zekveld, & Kramer, 2014) demonstrated that
performance decreased as SNR decreased from 0 dB to -9 dB. Therefore, we used SNRs
of 0 dB, -3 dB, and -6 dB (hereafter referred to as 0 SNR, -3 SNR, and -6 SNR).
Task difficulty and perceptual demand were measured with questions we adapted
from the NASA-TLX (https://humansystems.arc.nasa.gov/groups/tlx/) workload
description questionnaire. The NASA-TLX is a questionnaire that measures subjective
workload assessment. Immediate JOLs were collected to assess how well participants
predicted their memory performance. Memory performance for the attended stream, or
Target, was measured as the percentage of correct answers on the multiple-choice
questions for information presented in the attended stream. Memory performance for the
unattended stream, or Masker, was measured as the percentage of correct answers on the
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multiple-choice questions about the information in the unattended stream. To the best of
our knowledge, no one has used a monaural presentation and SNR to test auditory
processing fluency or auditory processing load.
F. Hypotheses
JOLs were expected to be higher when the Target and Masker voices were
different sexes than when Target and Masker voices were the same sex.
JOLs were expected to be higher at 0 SNR than at -3 SNR, and higher at -3 SNR
than at -6 SNR.
Participants’ subjective Workload and Effort ratings were expected to be higher
when the Target and Masker voices were the same sex than when the Target and Masker
voices were different sexes.
Participants’ subjective Workload and Effort ratings were expected to be higher at
-6 SNR than at -3 SNR and higher at -3 SNR than at 0 SNR.
Recognition Performance was expected to be higher when the Target and Masker
voices were different sexes than when Target and Masker voices were the same sex.
Recognition Performance was expected to be highest in the 0 SNR condition, with
the second highest performance in the -3 SNR condition and the lowest performance in
the -6 SNR condition.
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CHAPTER II

METHOD

A. Participants
There was a total of 155 participants. I excluded 32 participants because they
failed to complete all the dependent measures. Participants who were excluded were
evenly divided among the four conditions. This left a total of 123 participants aged 16 to
46 (M = 19.88, SD = 3.78), 60.2% female, for the final analysis. Participants were UAH
students enrolled in introductory psychology courses who received activity points for
their participation. This study was approved by the IRB at The University of Alabama in
Huntsville (see Appendix A) and conformed to APA ethical guidelines.
B. Design
A 2 (Condition: Same Sex, Different Sex) x 2 (Speaker: Target, Masker) x
3 (SNR Level: 0 SNR, -3 SNR, and -6 SNR) x 2 (LST: High, Low) x 2 (PCT: High,
Low) x 2 (AVT: High, Low) was used to examine differences in JOLs, Workload ratings,
Effort ratings, and Recognition Performance to determine if the hypotheses were
supported. The sex of the Target and Masker (hereafter referred to as Condition) was
manipulated between subjects and the SNR Level was manipulated within-subjects (See
Table 1).
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Table 1. Depiction of Condition and SNR level manipulations.
Target and Masker

SNR

Condition
0
Same Sex

-3
-6
0

Different Sex

-3
-6

JOLs were measured by asking participants to estimate the percentage of
questions they would answer correctly. Workload was measured by asking participants
to use a 0 to 100 scale where 0 = insignificant workload (spare capacity for other tasks)
and 100 = extremely high workload (no spare capacity for other tasks or unable to
complete the tasks) to estimate their mental workload. Effort was measured using a scale
of 0 to 100, where 0 = low effort and 100 = high effort where participants estimated how
hard they had to work both mentally and physically. Recognition Performance was
calculated by dividing the number of correct answers by the total possible number of
correct answers.
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C. Materials
Headphones and the Lifelong Learning Lab computers were used to administer
the Auditory Listening Task. The experiment was programmed in Eprime. Three min
segments of four Great Courses science lectures were recorded simultaneously with a
monaural presentation, beginning with a Target to Masker ratio of 0 SNR, followed by a 3 SNR, and concluding with -6 SNR in the UAH sound studio. Lecture transcripts can be
viewed in Appendix B. A total of 120 multiple choice questions were developed in house
and the study was pilot tested by research assistants from the Lifelong Learning Lab.
Each test contained five questions about a 3 min segment of the Target lecture or the
Masker lecture that the participant had listened to (See Appendix C.). The Target and
Masker’s sex were either the same sex or a different sex than each other. The lectures
were chosen to have similar topics (Botany, Chemistry, Nutrition, and Meteorology) and
introductory level information. Lecturers with no detectable accent and a moderate rate
of speech were chosen. The lectures were filtered to ensure that any images displayed by
the speakers did not affect the ability of listeners to understand the content. Descriptions
of the lectures and links to the lectures may be found in Appendix D. Appendix E
contains the experimental scripts used by the research assistants to proctor the sessions.
A consent form was developed in house to obtain informed consent and a
Personal Data Sheet (PDS) to collect demographic information about the participants.
The Memory Controllability Inventory (MCI; Lachman, Bandura, Weaver, & Elliott,
1995) asked participants 23 questions about their memory beliefs. Participants were
asked to indicate the extent to which they agreed or disagreed with a statement using a
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Likert scale from 1 to 7, where 1 = strongly disagree, 4 = neutral, and 7 = strongly agree.
Questions asked about whether participants believed they could influence their memory
through learning strategies, whether they believed the memory loss that occurs with aging
is preventable, and how good they are at remembering things. Participants were not
timed for this questionnaire.
The Advanced Vocabulary Test (AVT; Ekstrom, French, & Harman, 1976) is a
measure of crystallized intelligence that tests participants’ knowledge of word meanings.
There are 36 vocabulary words. Each vocabulary word is followed by five words
numbered from 1 to 5. One of the five words is a synonym for the word. Participants
were told to look for and select the word that has the same meaning or nearly the same
meaning as the word that is underlined. Participants were given 4 min to complete the
test. The maximum possible score is 36.
The Pattern Comparison Task (PCT; Salthouse, 1996) is a measure of
participants’ processing speed. Participants were asked to determine whether two
patterns of lines were the same or different. If the two patterns of lines were different,
participants were asked to write a D on the line between the patterns. If the two patterns
of lines were the same, participants are asked to write an S on the line between the
patterns. There were 30 patterns in each trial and participants were given 30 s to
complete each trial. The maximum possible score is 60.
The Listening Span Task (LST; Salthouse & Babcock, 1991) is a measure of
working memory. The Listening Span Task is pre-recorded. Participants were told that
they would be asked to answer questions about simple sentences that would be orally
presented, while simultaneously trying to remember the last word of each sentence. After
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they heard each sentence, they were asked a question and marked the answer to the
question/s on the answer sheet provided. When they heard the phrase “Turn the page and
recall”, they were asked to turn the page and then wrote the last word of the sentence in
the space provided. Each level has 3 trials. A sentence is added to each trial until there
are seven sentences played in each trial. Each word that is recalled in the correct order
yields a point, for a maximum total score of 81.
The NASA-TLX is a subjective, multidimensional assessment tool that measures
perceived workload on six subscales (https://humansystems.arc.nasa.gov/groups/tlx/).
For this experiment, we adapted two questions to measure Effort (combined physical and
mental effort) and Workload (a participant’s perceived mental effort). In doing this, we
hoped to differentiate between cognitive demands and physical demands.
The Post Task Questionnaire (PTQ) asked participants questions pertaining to the
study and was administered via a Qualtrics survey. This questionnaire was developed inhouse using a combination of questions specific to this study to evaluate which
conditions and SNR levels participants viewed as most challenging (see Appendix F). A
debriefing form was developed in-house and informed participants of their right to have
their data withheld from the experiment with no loss of experimental credit.
D. Procedure
Participants were tested in groups of 1 to 4 people in the University of Huntsville
in Alabama psychology labs. After participants’ identification documents were validated,
participants sat down at the computer stations with opened Qualtrics programs. Next,
they read and electronically signed the informed consent document. If under age 18,
participants provided a signed parental consent form. They then read and electronically

27

signed the provided consent form to indicate that they were informed about their rights as
a participant and gave their assent to participate. Participants then completed the PDS,
MCI, (Lachman et al., 1995) and the AVT (Ekstrom et al., 1976) via a Qualtrics survey.
The Pattern Comparison Task (Salthouse, 1996) and the Listening Span Task were
completed on paper. The Listening Span Task (Salthouse & Babcock, 1991) and
instructions are prerecorded, and the stimuli were played over the loudspeaker.
Participants were then instructed to set the volume on their headsets to the lowest
comfortable volume they could clearly hear by listening to a segment from one of the
lectures that was not used in their experimental session. Instructions for the Auditory
Listening Task were read aloud, followed by completion of the auditory/computer task.
Upon completion of the auditory/computer task, participants were asked to complete the
PTQ. Participants were then debriefed and dismissed.
E. Statistics
There were two male and two female speakers. Each speaker was used once as a
Target speaker and once as a Masker speaker. This created four Target and Masker
combinations. To test the experimental hypotheses, each Target and Masker speaker
combination was coded into a Same-Sex or a Different-Sex Condition. A median split
was used to group participants into High and Low categories based on their levels of
Working Memory, Processing Speed, and Vocabulary level. The median LST score was
56 (M = 56.40, SD = 10.19); therefore, scores that were equal to or greater than 57 were
considered high and scores that were 56 or lower were considered low. The median AVT
was 17.00 (M = 16.93, SD = 4.04); therefore, scores that were greater than or equal to 17
were considered high and scores that were lower than 17 were considered low. The
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median PCT was 41 (M = 41.16, SD = 8.04); therefore, scores that were greater than or
equal to 41 were considered high and scores that were lower than 41 were considered
low.
A series of 2 (Condition: Same Sex, Different Sex) x 2 (SpeakerType: Target,
Masker) x 3 (SNR Level: 0 dB SNR, -3 dB SNR, and -6 dB SNR) x 2 (LST: High, Low)
x 2 (PCT: High, Low) x 2 (AVT: High, Low) repeated measures analyses of variance
(ANOVA) were used to examine differences in JOLs, Workload ratings, Effort ratings,
and Recognition Performance. Given the number of tests involved in the analyses, a
conservative significance value was used (p = .01).
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CHAPTER III

RESULTS

A. JOLs
As can be seen in Figure 1, there was a SNR Level x SpeakerType interaction on
JOLs, F (2, 106) = 20.73, MSE = 196.94, p < .01, η2ρ = .28. As SNR Level declined,
JOLs for the Target decreased while JOLs for the Masker remained level.

Judgments of Learning

100
80
60
40
20
0

SNR 0

SNR -3

SNR -6

SNR Level
Target

Masker

Figure 1. JOLs for Target and Masker Speakers at each SNR level.

There was a main effect of SNR Level on JOLs, F (2, 106) = 11.70, MSE =
260.12. p < .01 η2ρ = .18. Participants gave the highest JOLs when SNR was 0 (M =
30

36.04, SE = 1.52), the second highest JOLs when SNR was -3 (M = 34.03, SE = 1.87) and
the lowest JOLs when SNR was -6 (M = 27.41, SE = 2.01). JOLs declined significantly
from 0 SNR to -3 SNR, t (122) = 1.379, p < .01, and from -3 SNR to -6, t (122) = 5.194,
p < .01. JOLs also declined significantly from 0 SNR to -6 SNR, t (122) = 3.570, p < .01.
There was also a main effect of SpeakerType on JOLs, F (1, 107) = 168.46, MSE
= 863.50, p < .01, η2ρ = .61. Participants gave higher JOLs to the Target speaker (M =
48.70, SD = 2.40) than the Masker speaker (M = 16.28, SD = 1.44).
B. Workload
As can be seen in Figure 2, there was a SNR Level x Condition interaction on
Workload ratings, F (2, 106) = 6.20, MSE = 144.38, p < .01, η2ρ = .11. Workload ratings
in the Same Sex Condition declined at -3 SNR, and then increased at -6 SNR. In contrast,
Workload ratings for the Different Sex Condition increased at -3 SNR and again at -6
SNR.

Workload Ratings
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Figure 2. Workload Ratings for each Condition as a function of SNR Level.
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There was a main effect of SNR Level on Workload, F (2, 106) = 15.45, MSE =
144.38, p < .01, η2ρ = .23. Participants gave the lowest Workload ratings when SNR was
0 (M = 72.81, SE = 2.18), higher Workload ratings when SNR was -3 (M = 75.50, SE =
2.13), and the highest Workload ratings when SNR was -6 (M = 82.25, SE = 2.01).
Workload ratings increased significantly from 0 SNR to -6 SNR, t (122) = -4.715,
p < .01, and from -3 SNR to -6 SNR, t (122) = -5.084, p < .01. Although the increase in
Workload ratings from 0 SNR to -3 SNR was not significant the trend was in the
predicted direction.
C. Effort
There was a main effect of SNR Level on Effort, F (2, 106) = 6.70, MSE =
256.01, p < .01, η2ρ = .11. Participants gave the lowest Effort ratings when SNR was 0 (M
= 69.79, SE = 2.42), higher ratings when SNR was -3 (M = 74.90, SE = 2.19), and the
highest Effort ratings when SNR was -6 (M = 79.69, SE = 2.32). Effort ratings increased
significantly from 0 SNR to -3 SNR, t (122) = -3.201, p < .01, and from 0 SNR to -6
SNR, t (122) = -6.42, p < .01. Although the increase in Effort ratings from -3 SNR to
-6 SNR was not significant, the trend was in the predicted direction.
D. Recognition Performance
As can be seen in Figure 3, there was a SNR Level x LST x PCT x AVT
interaction on Recognition Performance, F (1, 107) = 4.94, MSE = .039, p < .01, η2ρ =
.04. Most conditions followed the trend of reduced performance as SNR Level became
more negative. There were three conditions that had decreased Recognition Performance
at -3 SNR, then increased Recognition Performance at -6 SNR. Participants in the first
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group included participants with Low AVT, High PCT, and Low LST. (i.e., Lspan
scores). Participants in the second group had High AVT, Low PCT, and High LST.
Participants in the third group had Low AVT, High PCT, and High LST scores. A group
with Low AVT, Low PCT, and High LST had increased performance at -3 SNR and
reduced performance at -6 SNR.

Recognition Performance
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SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR SNR
0 -3 -6 0 -3 -6 0 -3 -6 0 -3 -6 0 -3 -6 0 -3 -6 0 -3 -6 0 -3 -6
Low AVT

High AVT
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Low AVT

High AVT

Low AVT

Low PCT

Low LSPAN

High AVT
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External Measures

Figure 3. Recognition Performance as a function of LSpan, PCT, AVT, and SNR.
There was also a three-way interaction of Condition x SpeakerType x PCT on
Recognition Performance, F (1, 107) = 12.48, MSE = .06, p = .001, η2ρ = .10. As may be
seen in Figure 4, recognition performance was always higher for the Target than for the
Masker speaker, regardless of Condition or whether participants had low or high PCT.
However, participants with high PCT had higher recognition performance for the Target
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in the Same Sex Condition than in the Different Sex Condition. The opposite pattern
held for the Masker, with those in the Different Sex condition obtaining higher
recognition performance than those in the Same Sex condition. For participants with low
processing speed, Target performance was higher in the Different Sex than in the Same
Sex condition. In contrast, for the Masker, performance was higher in the Same Sex than
in the Different Sex condition. It was these differences that drove the interaction.
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Figure 4. Recognition Performance for the Target and Masker by Condition as a function
of whether participants had high or low Processing Speed.

There was also a three-way interaction of SNR Level x SpeakerType x Condition
on Recognition Performance, F (1, 106) = 5.870, MSE = .06, p < .01, η2ρ = .11. As may
be seen in Figure 5, Recognition Performance decreased as SNR Level decreased for the
Target in the Same Sex Condition and for the Masker in the Different Sex Condition.
Recognition Performance decreased at -3 SNR and increased at -6 SNR for the Masker in
the Same Sex Condition and the Target in the Different Sex Condition.
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Figure 5. Recognition Performance as a function of Condition, SpeakerType and SNR.
There was an SNR x SpeakerType interaction on Recognition Performance,
F (2, 106) = 6.329, MSE = .06, p < .01, η2ρ = .11. As may be seen in Figure 6, as SNR
became more negative, Recognition Performance declined gradually for the Target and
more steeply for the Masker.
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Figure 6. Recognition Performance as a function of SNR and SpeakerType.
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There was a main effect of SNR Level on Recognition Performance, F (2, 106) =
44.35, MSE = .04, p < .01, η2ρ = .46. Performance was higher when SNR was 0 (M = .58,
SD = .02) than when SNR was -3 (M = .42, SD = .01) and lowest when SNR was -6 (M =
.39, SD = .16) Performance decreased significantly from 0 SNR to -3 SNR, t (122) =
7.78, p < .01, and from 0 SNR to -6 SNR, t (122) = 9.64, p < .01. Although the decrease
in performance from -3 SNR to -6 SNR was not significant, it was in the predicted
direction.
There was a main effect of SpeakerType on Recognition Performance, F (1, 107)
= 143.52, MSE = .06, p < .01, η2ρ = .57. Participants had higher Recognition Performance
on the lecture by the Target Speaker (M = .59, SD = .15) than the Masker Speaker (M =
.34, SD = .14).
E. Post Task Questionnaire
Qualtrics failed to record 3 PTQs leaving a total of 120 participants in the PTQ
analysis.
Although some participants failed to notice the changes in relative volume
between the two speakers, 84.2% of participants indicated that the Masker grew louder
relative to the Target as the task progressed, which was in fact the case.
Although 31.7% of the participants indicated that the difficulty of remembering
the information remained constant, 50.4% of participants indicated that the difficulty of
remembering the information became more difficult as the task proceeded.
The competing speaker was reported as difficult to ignore by 78.05% of
participants.
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Participants were asked to select, in general, which conditions they thought would
be most difficult when listening to a speaker while another speaker was also talking.
Participants answered these questions prior to beginning the main experiment and after
completing the main experiment (see Table 2).

Table 2. Participants’ selections of most difficult conditions pre and post experiment.
Pre
Condition

Post

N

%

N

%

7.0

5.7

0.0

0.0

M/M

51.0

41.5

53.0

43.1

M/F

63.0

51.2

66.0

53.7

F/M

2.0

1.6

0.0

0.0

Same Vol

57.0

46.3

75.0

61.0

2x Vol

53.0

43.1

30.0

24.2

4x Vol

13.0

10.5

14.0

11.4

F/F

Participants were asked to select characteristics of the lecturers’ voices that
affected their ability to understand the lecture material. As may be seen in Table 3, the
characteristic chosen most often was pitch.
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Table 3. Participants’ reports of speaker characteristics that affected their ability to
understand the lecture material.
Speaker Feature

%

Enthusiasm

37.4

Pacing

21.1

Pauses

9.8

Pitch

66.7

Participants indicated their level of prior subject knowledge using a sliding bar
numbered from 0 to 100. Participants reported the highest level of prior knowledge for
Chemistry, then Nutrition and Meteorology, with Botany having the lowest reported level
of prior subject knowledge (See Table 4).

Table 4. Participants’ reports of prior knowledge of lecture subjects.
M

SE

Chemistry

54.43

25.77

Nutrition

37.98

25.44

Meteorology

26.13

23.83

Botany

20.37

19.05
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CHAPTER IV

DISCUSSION

The current study was designed to examine how the sex of the Target and Masker
speakers would interact with SNR Level to affect participants’ judgments and
performance. I hypothesized that JOLs would be higher when the Target and Masker
were different sexes than when they were the same sex. I reasoned that it would be easier
for participants to discriminate between the Target and Masker lectures based on a study
that had found that performance was reduced the least when the Target and Masker
speakers were a different sex compared to when they were the same sex (Brungart, 2001).
This ease of processing or fluency would then be reflected in higher JOLs according to
fluency theory (Rhodes & Castel, 2009). Although there was no main effect of Condition
on JOLs, the observed effects of SNR Level on JOLs demonstrate that this research was
conducted in a reasonable manner. There was a main effect of SpeakerType on JOLs.
The participants gave higher JOLs to the Target than the Masker suggesting that they
were able to focus on the Target and to ignore the Masker. There were also significant
interactions involving Condition on Workload ratings and Recognition Performance.
These interactions suggest that Condition may influence participants indirectly through
interactions with other measures in the study rather than exerting a direct influence on
JOLs.
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The rejection of the Condition hypothesis may suggest that the sex of the Target
and Masker do not have a significant direct effect on JOLs, and that different
combinations of the Target and Masker were not perceived as more or less fluent. One
possible explanation for the null results is that the Brungart (2001) study used a task that
required participants to combine three short stimuli in order of presentation. One
example would be the three words “alpha, baker, three”. These words were randomly
generated and unlikely to be meaningful to the participants. It is likely that participants
chose a memory strategy relevant to the specific task that did not involve analyzing the
meaning of the stimuli. The use of lecture segments with more meaningful content may
have caused participants to choose a strategy appropriate for the current experimental
task that focused on semantic content as the best way to discriminate between the target
and masker.
It was hypothesized that participants would give the lowest JOLs to stimuli
presented at -6 SNR, the second lowest JOLs to -3 SNR, and the highest JOLs to stimuli
presented at 0 SNR. This hypothesis was supported by significantly higher JOLs for the
0 SNR presentation compared to the -3 SNR presentation, with the lowest JOLs in the -6
SNR presentation. Although not an exact replication, this study aligns with other studies
demonstrating that participants gave higher JOLs to loud items compared to quiet items
(Frank & Kuhlman, 2017; Rhodes & Castel, 2009). As the Target grew quieter compared
to the Masker, participants gave lower JOLs. In terms of processing fluency, as SNRs
became more negative, the stimuli were perceived as less fluent and participants became
less confident that they would remember the presented information. This reasoning is
further supported by a significant SpeakerType by SNR Level interaction on JOLs. As
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the Masker grew relatively louder compared to the Target, JOLs for the Target declined
while JOLs for the Masker remained stable. This suggests that participants lowered their
JOLs because the Target was perceived as less fluent. This outcome was also partially
predicted based on the decrease in performance as SNR grew more negative in the
Brungart (2001) study. If participants were aware that more negative stimuli might result
in lower performance, then they would have adjusted their JOLs downward as the SNR
grew more negative. Perceptual load theory might explain the results as an increase in
task difficulty, perceptual load, or a combination of both (Murphy et al., 2017). I
attempted to address this issue by having participants give estimates of their level of
Workload and Effort.
Every task involves a physical component and a mental component. I
hypothesized that participants would rate Workload and Effort higher when the Target
and Masker were the same sex than when they were different sexes. There was a
Condition by SNR Level interaction on Workload ratings. In the Same Sex Condition,
Workload ratings declined at -3 SNR and then increased at -6 SNR. When the Target and
the Masker were the same sex, participants reported that workload decreased when the
Masker was twice as loud as the Target and then increased as the relative loudness
between the two speakers increased in the third trial. In the Different Sex Condition,
participants reported that it became more difficult to separate the two sound streams both
times the Masker grew relatively louder. Thus, in the Same Sex Condition, a relatively
louder Masker may sometimes reduce the difficulty of segregating two streams of
information. This benefit was not revealed in the Different Sex Condition.
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There was no main effect of Condition on Workload or Effort. The NASA TLX
(https://humansystems.arc.nasa.gov/groups/tlx/) was designed to assess the physical and
mental workload of airplane pilots. The experimental task involved a relatively lower
proportion of physical effort to complete the task. Given that people are poor at accurate
reporting on the NASA TLX and the low level of physical activity in the experimental
task, it is not surprising that participants gave similar ratings to both measures.
According to Murphy et al. (2017), an increase in Workload and Effort would have
indicated that both intrinsic task difficulty and perceptual load were affected by the sexes
of the Target and Masker. The relative ratings of Workload and Effort also held the
potential to indicate which factor accounted for the largest portion of the variance. Given
that Condition did not have a main effect on JOLs, it is logical that participants’
perception of Workload and Effort would also remain unaffected by Condition.
It was hypothesized that Workload and Effort would garner higher ratings when
SNR was -6 than when SNR was -3 and would garner the lowest ratings when SNR was
0. Both hypotheses were supported. Participants reported the highest Workload and
Effort ratings when SNR was -6, lower ratings at -3 SNR, and the lowest Workload and
Effort ratings at 0 SNR. This suggested that as SNR became more negative, intrinsic
workload and perceptual load increased (Murphy et al., 2017).
It was hypothesized that Recognition Performance would be lower when the
Target and Masker were the same sex than when the Target and Masker were different
sexes. There was no main effect of Condition on Recognition Performance, indicating
that Condition did not directly increase the perceptual difficulty of the task or affect
performance. This result is surprising based on the differences in recognition
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performance found in the Brungart (2001) study, however, the outcome may be explained
by the different types of stimuli used. As previously noted, Brungart used three-word
phrases that likely had no meaning to the participants. In the absence of meaningful
information, participants may have used a strategy that maximized physical
characteristics such as the physical differences between male and female voices. In the
current study, participants were presented with meaningful stimuli in the form of science
lectures and may have chosen a strategy that utilizes word meaning and sentence
structure rather than physical characteristics. A study by Luna, Albuquerque, and
Martin-Luengo (2019) revealed that longer sentences negated the font-size effect on
JOLs. The authors attributed this outcome to the idea that perceptual information is only
used to make JOLs with materials such as word lists or short sentences. The increased
cognitive load required to process long sentences may prevent using perceptual
information (e.g., voice characteristics) in JOLs. The increased cognitive load may also
reduce performance on the actual task of remembering the lecture information.
Although there was no main effect of Condition on Recognition Performance,
there was a Condition by SpeakerType by PCT interaction on Recognition Performance.
Recognition performance was always higher for the Target than for the Masker speaker,
regardless of whether participants had high or low PCT or Condition. The participants
with high PCT had better Recognition Performance on the Target in the Same Sex
Condition than in the Different Sex Condition. The opposite pattern occurred for the
Masker, with those in the Different Sex Condition exhibiting higher Recognition
Performance than those in the Same Sex condition. In contrast, participants with low PCT
had higher Recognition Performance on the Target in the Different Sex Condition
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compared to the Same Sex Condition. The opposite pattern occurred for the Masker,
with higher Recognition Performance in the Same Sex Condition than in the Different
Sex Condition. These were the differences that drove the interaction. There was also a
Condition by SpeakerType by SNR interaction on Recognition Performance. Recognition
Performance decreased as SNR Level grew more negative for the Target in the Same Sex
Condition and for the Masker in the Different Sex Condition. Recognition Performance
decreased at -3 SNR and increased at -6 SNR for the Masker in the Same Sex Condition
and for the Target in the Different Sex Condition. This suggested that performance may
sometimes benefit from increases in the relative volume between the Masker and Target.
Taken together, these interactions suggested that Condition did have an indirect effect on
Recognition Performance.
It was hypothesized that Recognition Performance would be highest in the 0 SNR
condition, lower in the -3 SNR condition, and lowest in the -6 SNR condition. This
hypothesis was supported. Recognition performance varied as a function of SNR. Load
theory would suggest that this resulted from decreased perceptual difficulty as SNR
became more positive (Lehman et al., 2016). When perceptual load was low, participants
were able to focus on the relevant task (i.e., target) and ignore the irrelevant task (i.e.,
masker) resulting in higher Recognition Performance. As SNR grew more negative, the
perceptual load increased, and participants had less perceptual capacity available to
process the relevant task resulting in lower Recognition Performance. There was also a
SNR Level by SpeakerType interaction on Recognition Performance. As SNR became
more negative, Recognition Performance declined gradually for the Target and more
rapidly for the Masker. This may suggest that as a Masker grows relatively louder
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compared to a Target, performance on the Target is less affected than performance on the
Masker. Cognitive load theory would posit that this is caused by an increasing cognitive
load leaving less capacity available for processing extraneous (Masker lecture)
information.
The overall results of this experiment suggested that the proposed differences in
Target and Masker sex did not directly affect JOLs and Effort ratings. This does not
mean that the sex of the Target and Masker speaker had no effect on these dependent
variables. Interactions involving Condition suggested that Condition did affect Workload
and Recognition Performance. Prior to selecting the more conservative significance level
(p = .01), there were significant differences when the data were analyzed using the four
Target and Masker conditions. Additionally, participants changed their minds about
which Condition would be most difficult to listen to after completing the study. The
highest performance occurred when the Target was male and the Masker was female (M
= .65, SE = .25). This condition also produced the highest Target Performance and the
lowest Masker Performance. This suggests that it was easiest for participants to both
focus on the Target and to ignore the Masker in this condition. One explanation for this
outcome is that 66.7% of participants reported that the pitch of the speakers affected their
ability to discriminate between the speakers and focus on the Target lecture. Most
women have higher pitched voices than men; thus, it may be pitch that is producing this
outcome rather than the sex of the Target or Masker. Future research should investigate
pitch manipulations as stimuli in simultaneous listening tasks. Manipulation of pitch
between-subjects would permit altering the pitch of individual speakers and reduce the
likelihood that other speaker characteristics act as an experimental confound.
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Another possible explanation for the null results is the presence of other
individual speaker characteristics. When reporting speaker characteristics that increased
the difficulty of the task, 37.4% of participants reported that the enthusiasm of the
speaker affected the difficulty, 21.1% reported that speaker pacing affected the difficulty
and 9.8% reported that pauses by the speaker affected the difficulty. Future research may
want to use multiple lectures by the same speaker as experimental stimuli. We pilottested our study with a small sample. It may also be beneficial for future studies to
include a larger pilot test asking participants about the voice characteristics of potential
speakers to determine which speaker qualities make information more difficult to
understand.
One limitation of this study is that all the participants received the SNR Level
manipulations in the same order. The lower Recognition Performance could have been a
result of participants becoming tired as the experiment proceeded rather than the SNR
Levels. Future research may want to vary the order of SNR Level manipulations.
Another limitation of this study is the highly artificial nature of the experimental stimuli.
Future investigators should study SNR manipulations in more naturalistic settings. One
study used more naturalistic SNR manipulations such as speakers and a classroom setting
to deliver the stimuli (Wray, Magnusson, Fredriksson, & Croy, 2015). These types of
studies bring the research a step closer towards a more naturalistic setting. Future
researchers may want to consider adding JOLs to learn whether the participants are aware
of the manipulations and their effects on memory and whether their judgments accurately
align with their memory performance. Increased Workload and Effort that are unrelated
to the task at hand may cause students to tire quickly and lose interest in the classroom.
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Future researchers may want to investigate the effects of competing voices on students’
workload and effort levels in a classroom setting. Current instructors often compete with
other voices in the classroom setting, such as Special Education Assistants, students who
are talking, and computer-delivered curriculum. The results of this study have added to
the body of knowledge that other researchers may use to investigate methods instructors
can utilize to mitigate such competing stimuli.
The overall results of this experiment support the hypotheses that SNR level
affects JOLs, Workload ratings, Effort ratings, and Recognition Performance. Across the
four dependent measures, experimental outcomes revealed that as SNR grew more
negative JOLs and Recognition Performance declined, while Workload and Effort ratings
increased. Although there was no main effect of Condition, the significant interactions
involving Condition may suggest that Condition has an indirect influence on JOLs
through other variables that are used to form judgments. This study contributes to current
investigations of auditory fluency and auditory perceptual load theory through the use of
participants’ judgments. JOLs vary as a function of SNR suggesting that participants
perceive more negative SNRs as less fluent and more difficult to process compared to
more positive SNRs. Workload ratings and Effort ratings vary as a function of SNR
level. This suggests that both intrinsic task difficulty and perceptual load increase as
SNR level grows more negative. Recognition Performance also varies as a function of
SNR level. Recognition Performance decreases as SNR level grows more negative (e.g.,
the Masker becomes louder relative to the Target). Participants’ JOLs were accurate
predictors of their Recognition Performance. Participants predicted that their
Recognition Performance would be lower as SNRs grew more negative and their actual
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Recognition Performance decreased as SNR levels decreased. The use of longer stimuli
in this study continues the progression of auditory processing research towards a more
naturalistic design. I hope that future researchers may use this research to investigate
these effects of multiple speakers in more naturalistic settings.
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APPENDIX A

IRB APPROVAL LETTER

Expedited (see pg 2)
June 21 2018
st

Exempted (see pg 3)
Full Review

Dr. Jodi Price

Extension of Approval

Associate Professor
College of Arts, Humanities, and Social Sciences
University of Alabama in Huntsville

Dear Dr. Whitehead,

The UAH Institutional Review Board of Human Subjects Committee has reviewed your
proposal, The Role of Auditory Fluency in Judgments of Learning and Memory, and found it
meets the necessary criteria for approval. Your proposal seems to be in compliance with this
institutions Federal Wide Assurance (FWA) 00019998 and the DHHS Regulations for the
Protection of Human Subjects (45 CFR 46).
Please note that this approval is good for one year from the date on this letter. If data
collection continues past this period, you are responsible for processing a renewal application a
minimum of 60 days prior to the expiration date.
No changes are to be made to the approved protocol without prior review and approval
from the UAH IRB. All changes (e.g. a change in procedure, number of subjects, personnel,
study locations, new recruitment materials, study instruments, etc) must be prospectively
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reviewed and approved by the IRB before they are implemented. You should report any
unanticipated problems involving risks to the participants or others to the IRB Chair.
If you have any questions regarding the IRB’s decision, please contact me.

Sincerely,

Bruce Stallsmith
IRB Chair
Professor, Biological Sciences

Expedited:

Clinical studies of drugs and medical devices only when condition (a) or (b) is met. (a) Research on drugs for which
an investigational new drug application (21 CFR Part 312) is not required. (Note: Research on marketed drugs that
significantly increases the risks or decreases the acceptability of the risks associated with the use of the product is not
eligible for expedited review. (b) Research on medical devices for which (i) an investigational device exemption
application (21 CFR Part 812) is not required; or (ii) the medical device is cleared/approved for marketing and the medical
device is being used in accordance with its cleared/approved labeling.

Collection of blood samples by finger stick, heel stick, ear stick, or venipuncture as follows: (a) from healthy,
nonpregnant adults who weigh at least 110 pounds. For these subjects, the amounts drawn may not exceed 550 ml in an
8 week period and collection may not occur more frequently than 2 times per week; or (b) from other adults and children,
considering the age, weight, and health of the subjects, the collection procedure, the amount of blood to be collected, and
the frequency with which it will be collected. For these subjects, the amount drawn may not exceed the lesser of 50 ml
or 3 ml per kg in an 8 week period and collection may not occur more frequently than 2 times per week.
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Prospective collection of biological specimens for research purposes by noninvasive means. Examples: (a) hair and
nail clippings in a nondisfiguring manner; (b) deciduous teeth at time of exfoliation or if routine patient care indicates a
need for extraction; (c) permanent teeth if routine patient care indicates a need for extraction; (d) excreta and external
secretions (including sweat); (e) uncannulated saliva collected either in an unstimulated fashion or stimulated by chewing
gumbase or wax or by applying a dilute citric solution to the tongue; (f) placenta removed at delivery; (g) amniotic fluid
obtained at the time of rupture of the membrane prior to or during labor; (h) supra- and subgingival dental plaque and
calculus, provided the collection procedure is not more invasive than routine prophylactic scaling of the teeth and the
process is accomplished in accordance with accepted prophylactic techniques; (i) mucosal and skin cells collected by
buccal scraping or swab, skin swab, or mouth washings; (j) sputum collected after saline mist nebulization.
Collection of data through noninvasive procedures (not involving general anesthesia or sedation) routinely employed
in clinical practice, excluding procedures involving x-rays or microwaves. Where medical devices are employed, they
must be cleared/approved for marketing. (Studies intended to evaluate the safety and effectiveness of the medical device
are not generally eligible for expedited review, including studies of cleared medical devices for new indications).
Research involving materials (data, documents, records, or specimens) that have been collected, or will be collected
solely for nonresearch purposes (such as medical treatment or diagnosis).
Collection of data from voice, video, digital, or image recordings made for research purposes.
Research on individual or group characteristics or behavior (including, but not limited to, research on perception,
cognition, motivation, identity, language, communication, cultural beliefs or practices, and social behavior) or research
employing survey, interview, oral history, focus group, program evaluation, human factors evaluation, or quality
assurance methodologies.
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APPENDIX B

LECTURE TRANSCRIPTS

Thesis Botany Transcript
The Great Courses
Plant Science: An Introduction to Botany
https://www.youtube.com/watch?v=8G7D_sy7qE&t=0s&index=16&list=PL3EDD8D756C75A052
Botany Segment 1 (Total Running Time: 3min 2s)
00:22-03:24 The next time you see a flower, consider that you and every other animal are
meant to admire a flower’s color shape and smell. Flowering plants may have arrived
late in the Earth’s History, but they evolved fast and they displaced many other kinds of
plants. We tend to think of flowers as very delicate plants and that’s not exactly wrong,
but they are also world class competitors who took over the planet. What is the secret of
flower power? Charles Darwin was also confounded by this question. In 1879, Darwin
read an essay by another scientist, John Ball, and that essay was titled “On the Origin of
the Flora of the European Alps.” The essay was given at a meeting of the Royal
Geographical Society in June of 1879. I Ball’s Essay, he notes that the fossil evidence of
flowers appears very rapidly. He then goes on to wonder how the flowers appeared so
rapidly and diversely if evolution by natural selection were really responsible for their
appearance. In other words, according to Bell and the fossil record, flowers appeared in
the late Cretaceous, about 145 million years ago and then there were so many different
types seemingly all of a sudden. John Ball questioned how natural selection could
account for flowers’ sudden appearance. Where did their ancestors come from and how
could natural selection, operating on a long time scale by Darwin’s definition, provide so
many different kinds of flowers so quickly? So, later that same year, 1879, Darwin wrote
a letter to his friend and fellow scientist, Joseph Hooker. In it, Darwin writes the
following sentence, “The rapid development as far as we can judge of all the higher
plants within recent geological times is an abominable mystery.” The phrase “abominable
mystery” becomes one of the most austere Darwin phrases of all time and probably one
of the most popular quotes about flower evolution in general. What Darwin meant was it
all really had him on this one. He didn’t know how natural selection could explain the
rapid evolution of flowering plants. It went against one of Darwin’s central posits about
evolution via selection. He said “Natura non facit saltum” or nature never makes leaps.
Consider this. The first flower from the fossil record appeared 125 million years ago.
This was Archaefructus which means old flower. This plant is extinct now, but where is
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appeared in the fossil record, it may be indiscernible because it’s small and
inconspicuous, but it is present and that’s what makes this plant unique. It’s a short,
shrubby plant with small flowers, but the flowers are there.
Botany Segment 2 (Total Running Time: 2min 53s)
3:25 – 6:18 Then, a mere 40 million years later, there’s flowers everywhere. This is a
relatively short evolutionary time. Consider that the first land plant arose about 420
million years ago in the Silurian and it took another 293 million years to get to the first
flower and then 40 million years later, there are flowers everywhere. Even more
puzzling, flowering plants are the dominant form of plants on the planet. Depending how
you count, they’re anywhere from three hundred thirty thousand to four hundred
thousand species of flowering plants. You can see why this would be a dilemma. Also,
at the time, there was nothing that looked even remotely like an intermediate. There were
cones from the conifers and there were flowers. Cones don’t look too much like flowers,
so how did flowers arise? In 1879, though, the fossil record wasn’t nearly as clear as it is
now. We have a much better understanding where flowers come from and how that
evolution could have happened much quicker than Darwin suspected. We now know
about more mechanisms for the creation of new species than were known during
Darwin’s time. For example, we now understand polyploidy which is where the
chromosomes can double or triple during reproduction and we also have a much better
picture of the fossil record. In fact, in a paper from 2013, Peter A Hachoo Lee and
Suzanne Feist Burkhardt found pollen from and extinct flowering plant called acropolis
in Northern Switzerland that they estimate to be between 252 and 247 million years ago
or even earlier. That would be 100 million years earlier than the date Darwin found so
abominable. They also suggest a type of pollen that is usually insect pollinated, most
likely from beetles, given that beetles were also present during this time. Such a plant
could have been like present-day gymnosperms. That extra 100 million years certainly
helps Darwin out a bit. Still, pollen isn’t a flower. It could be that flowers just don’t
fossilize very well which they don’t. Some botanists have suggested we’re just not
looking in the right place. It may also be that early flowers were just small. The flowers
were just so small and the conifers and cycads of the Jurassic were so dominant that
flowers were just waiting in the understory, so to speak. This scenario was true of the
mammals who also started small but got bigger after the demise of the dinosaurs.
Additionally, the flowers may not have been woody and again, this would have limited
their ability to form fossils.
Botany Segment 3 (Total Running Time: 3min 3s)
6:19-09:22 Interestingly, molecular evidence puts the advent of the flowering plants back
to about 290 million years ago way before the Cretaceous. How would molecular
evidence even work in trying to determine the age when something from that long ago
evolved? The main molecular technique used is that of the molecular clock. This
basically looks at DNA within an organism that would change on a regular basis; that is,
an organism that has a background rate of mutation that wouldn’t be associated with
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reproduction or natural selection. Generally with plants, botanists are looking at
similarities or differences within a particular piece of chloroplast DNA. This technique
assumes that the DNA within the chloroplast changes at a regular rate and that the more
different it is from current DNA, the longer ago it must have come on the scene. Why the
fossil record and the molecular evidence don’t match up probably has to do with those
ideas we mentioned about early flowering plants not being the best at forming fossils.
Whatever the exact origin of the flowers, we do have some good evidence of what our
very early flowers may have looked like and how they might have evolved from conifers.
Botanists also tend to agree that the flowers form a group called the monophyletic group
that is a group with one descendant and all of the offspring. Yet, other botanists suggest
that the flower may have evolved more than once. So, conifers and ferns and mosses
have been around much longer than flowering plants. So, how were there so many
different species of flowering plants in such a short time? The answer may lie in the fact
that many flowering plants are both pollinated and dispersed by animals. An animal
moving pollen between plants could become more specialized and get pollen from only
one type of plant. Now the plants pollinated by that animal are reproductively isolated
from other plants. This is the key to speciation or the formation of new species. The
other way animals can be key in speciation is through dispersal. If an animal disperses
the seed to a new environment, it can be in a new island, figuratively speaking. That is,
the animal has dispersed the seed to a new location where it can no longer breed with its
old population. So, it becomes reproductively isolated and speciation occurs. Now
would be a good time to remind ourselves about the taxonomy that botanists use to
describe the groupings of plants. Do you remember the mnemonic device? King Phillip
Came Over From Good Spain. King stands for kingdom, the easiest one. We’re only
doing one kingdom in the whole course, and that’s plants.
Thesis Chemistry Transcript
The Great Courses
Chemistry and our Universe: How it All Works
Basic Structure of the Atom
https://www.youtube.com/watch?v=Ml1bk9wDXVo&t=0s&index=73&list=PL3EDD8D
756C75A052
Chemistry: Segment 1: (Total running time: 191s)
0:22-3:33
0:00 – 0:21 (21s) Delete this portion of video.
0:22 – 0:57 (35s) Can you remove the background music from this segment? Structure.
We see it everywhere we look in the universe, from the elegant tendrils of spiral galaxies
to the regular orbits of planets around a star like our own, to the DNA that carries the
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code of life. We see again and again that nature creates larger structures from a
collection of just a few smaller types of components and this creates tremendous
variation. Billions of stars are organized to make galaxies. Any number of planets come
together to form solar systems and so on. If we continue to shrink our
scale we see that nature continues her trend of using modular constructs of just a few
simpler structures to create a truly awesome and diverse universe. In this lecture we are
going to discuss one of the smallest systems that follows this tenant, indeed, one of the
smallest systems in all of creation, the atom. It’s important to start our discussion by
pointing something out. Atoms actually can be divided but doing so causes something
very special to happen that doesn’t happen when we divide larger samples of elements.
Take the example of a bar of gold. That bar of gold can be cut in half to make two
smaller bars of gold. Those can be cut into smaller pieces as well and they’re still gold
and the process can continue to create even smaller samples of that element, gold, but if
we could continue to do this perpetually, eventually we would arrive at a point where we
have just one atom of gold left in our sample. So, what now? Is that atom of gold truly
indivisible? Actually, no. It can be divided, but in doing so, it’s identity changes. The
two fractions created by splitting an atom of gold are no longer gold. They’re something
else, but this leads us to an interesting question. What are atoms themselves made of? If
they can be split into other, smaller atoms, then they must be made of even smaller pieces
than atoms themselves, and in fact, they are. Atoms are comprised of just three types of
particles called sub-atomic particles: positively charged protons, negatively charged
electrons, and neutrons which have no charge at all. Protons and neutrons are of nearly
equal mass and reside in a dense nucleus at the center of the atom, but much smaller,
negatively charged electrons orbit that nucleus balancing out the positive charge that is
provided by the protons. Most of us are familiar with this depiction of the atom, but the
story of how we came to understand it is every bit as fascinating as the structure’s own
elegance. So today, we are going to try to understand how each of these particles was
discovered and how generations of scientific work ultimately came together to create our
understanding of the most fundamental unit of matter, the atom.
Chemistry: Segment 2: (Total running time: 178s)
3:34-6:32
3:36 (1s) Can you remove the background sound from this segment?
3:37 – 6:32 (2min 54s) The notion of atoms was first forwarded by ancient Greek
philosophers who postulated that there are just a handful of fundamental elemental
substances. Now, they combine in various ways to form all other substances. The
Greeks widely believed these elements to be air, water, earth, and fire and they also
believed that particles of these elements were absolutely indivisible. Of course, today,
we know that absolutely none of these things are elements and we also know that atoms
of true elements can, in fact, be divided, just that they change into something new when
they are. Nonetheless, the Greek term atom literally meaning “not divisible” has stuck
56

and is still how we refer to the smallest quantity of a given element that can still exist as
that element. Western discourse over the nature of matter and its fundamental units
slowed to nearly a halt with the fall of ancient Greece and it wasn’t until the start of the
nineteenth century that the concept of the atom was revived, primarily as a result of the
work of John Dalton. Dalton didn’t have the sophisticated scientific instruments that we
do today, so he had no way to see or experiment directly on atoms. What he did have
though, was a keen intellect and the benefit of the work of Lavoisier and others. Using
relatively simple observations, Dalton was able to form a sound atomic theory based on
his observation. Let’s begin by considering a couple of reactions that Dalton himself
may have been able to run and observe himself. Here’s a molecule of oxygen and we’re
going to react that molecule of oxygen with two molecules of hydrogen. Now when I do
this I create water. This is a relatively simple reaction and one that he could have run
himself. Similarly, we can react oxygen with hydrogen, but instead, have one oxygen
react with one hydrogen molecule and in this case, we create a different compound
known as hydrogen peroxide. Now Dalton could have made both of these and he could
have determined the masses of his starting materials and his products. So, let’s say that
he does this, and he was able to determine that when thirty-two grams of oxygen react
with four grams of hydrogen thirty-six grams of water are produced. This is known as
the Law of Conservation of Mass because thirty-two plus four equals thirty-six and he
could similarly observe this when he made peroxide, let’s say. In this case, thirty-two
plus two is equal to thirty-four grams, so consistently when any reaction was run the mass
of all the products was equal to the starting masses of all the materials. So, this is our
Law of Conservation of Mass.
Chemistry: Segment 3: (Total Running Time: 175s)
6:33-9:29
6:33 – 8:46 (2min 13s) Now there is one more important observation that helped him nail
down atomic theory. Notice that in this case we have thirty-two grams of oxygen to four
grams of hydrogen, in other words a ratio of eight and in our lower reaction we have a
situation where thirty-two grams of oxygen are reacting with two grams of hydrogen for a
ratio of about sixteen. I notice that those two ratios themselves are simple whole
numbers. In other words, you can either can have a ratio of eight or a ratio of sixteen
which is double that, but never in between. So, Dalton noticed this and coined this the
Law of Multiple Proportions and it’s the combination of the Law of Conservation of
Mass and the Law of Multiple Proportions that gave him an airtight argument for the
existence of indivisible atoms that come together in these simple whole number ratios to
create molecules. So, Daltons’ genius was to combine the Laws of Conservation of Mass
and Multiple Proportions to make an argument for the existence of atoms. It was the only
possible explanation for what he saw, an argument so strong that it finally restored
traction to the atomic theories of Demosthenes and Plato. Dalton himself said, “Matter,
though divisible in an extreme degree, is nevertheless not infinitely divisible. That is,
there must be some point beyond which we cannot go in the division of matter…I have
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chosen the word “atom” to signify these ultimate particles.” But, Dalton believed that he
had reached the end of the story. In his mind, atoms were the ultimate particles of matter
and nothing smaller could exist. For his purposes, thinking of atoms as indestructible,
un-dissectible pieces of matter worked. We would have to wait another century before
technology caught up with the atom leading to the realization that the inner workings of
this remarkable construct of nature depend on a complex but predictable combination of
even smaller particles that we call subatomic particles.
8:49 – 8:50 (2s) Can you remove the background sound from this segment?
8:51 – 9:29 (38s) The first of these advances is one that most of us are familiar with. It
has only been a decade or so since that large, heavy, nearly cube-shaped television set
finally gave way to the slim, energy-sipping displays that adorn the walls of your favorite
big box stores, but the technology on which these household devises of the late twentieth
century were based actually was devised much earlier. The cathode ray tube or CRT as it
is sometimes called, was actually developed at the end of the nineteenth century and it
played an important role in the advancement of human understanding of atoms.
Thesis Stimuli: Geology Lecture
00:19 First of all, let me introduce myself. My name is John Renton. I’m a professor of
geology at West Virginia University and I’m here to teach you something about Earth.
00:26 < Remove “Now it’s customary to start a course off like this by giving some
statement as to what my intent is, most teachers do that. Let me tell you what my intent
is not. My intent is not to turn you into a geologist because I am sure you have a
profession of your own. 41:00 But, about several weeks ago I received an email from
one of my former students that I think spells out just beautifully what my intent really is.
This student was in my class thirty years ago, now lives in California as you will see in
moment, and here was his email. We had a shake here a few minutes ago: a jolt that
rocked the house and told me the epicenter must have been close by. Checking the
USGS website indicated that it was just off the Golden Gate, eight miles down. By this
time, I was on my computer, and I thought I’d Google you up and tell you how fortunate
I feel for having taken your classes in geology, in 1973, when I was a freshman at WVU.
Though I never became a geologist, I often draw upon what you lectured about when I
am cruising around California which has some of the most dramatic terrain in the world.
I can explain to my daughter why this beach has sand and that beach has rocks or how it
is that river’s courses are the way they are. Well, she thinks I’m pretty bright, but I’m
just passing on what I got from physical geology. To finish, I’d just like to say, that
hardly a week passes that something doesn’t cause me to think about your classes. And
so, I think that really spells it out. What I’d like to do. What I’d like you to get out of
this course is information that you will take with you for the rest of your life wherever
you go in the world. I don’t care whether it’s on trips, at the office, or on vacation, so
that you look at the world as you pass by in a little different fashion, understanding it
better, for example, appreciating it better. So, if you do that, then my intent will be
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fulfilled. 2:11 Now the other thing I like to do is give you an overview of what the
course will be like. Now I divided this course into twelve topics. The first topic is going
to be called, “Earth, and its place in space” because I think it’s ver important for students,
for anybody getting into a course in geology, to have an idea where you fit into the big
picture, and of course, the big picture is going to be the universe. So, we’ll do that first,
then we’ll go into the two sections on rocks and minerals. Of course, you have to
understand what the earth is made of, so we’ll talk about minerals first and there’s
thousands of these things, but you’re going to find out there’s only a handful, a couple
dozen that make up all the rocks of the world, so it isn’t really very dauting there. The
next one is going to be the rocks themselves. There are three basic kinds of rocks,
igneous rocks, metamorphic rocks, and sedimentary rocks, so we’ll go through each one
of those and explain how they form and where they come from. And then we’ll go into
one that students often like to talk about: volcanism. This is probably one of the most
fantastic features happenings on the earth today, not so much in the east, of course. We
don’t have any in the east, but in the west, there’s lots of volcanism going on. Those of
you who might have traveled northwest of the Cascades, we’ll talk about that. And then,
after that, we’re going to go into a series of lectures. The ultimate goal of which, is to
describe how the land has come to look like it does. 3:33 Surely, in all your travels,
you’ve noticed that land changes in appearance. You don’t have to go very far before the
topography looks different. Well, for the next few topics we are going to talk about
things like mass wasting. Mass wasting, I always say, is the unsung hero of all
geological processes because it goes on without most people even noticing that it’s going
on. And then we’ll go into one of the most important of all the geological processes
happening out there. It’s called weathering. Weathering is the process whereby rocks
either decompose or disintegrate into bits and pieces to be carried off down into the ocean
and traded into a new rock, usually a sedimentary rock, but we’ll get to that then, and a
part of this topic, we’re going to talk about soils. Now the reason why is because soils
are made from the products of weathering, and the reason why I want to take it up in this
course is because without soils, you and I wouldn’t be here. And you’ll see why when
we get to it. Finally, we’ll talk about the sculpting of the land, the processes that do the
sculpting, we call erosion. Streams are the number one, anywhere you go, streams are
the number one source of erosion, so when you go out there and you look at the land,
most of what you’re looking at is the result of mass wasting and streams having done
their thing. 4:47 But there are also glaciers wherever they exist. They are good, very,
very good, but don’t exist very many places except where it is cold. 4:55 and then we’ll
finally go into the wind. The wind is number three, but it is a distant number three. It is
given credit for doing an awful lot of things it really doesn’t do to the land and we’ll talk
about that. And then the next topic I take up is talking about ground water. Now I had to
pick and choose as to what we were going to cover in the course and I picked ground
water because this water now provides half of all the drinking water in the united states
and it’s going to become more and more important as years go on and we’ve got to
remember that it is a non-renewable resource and we’ve got to protect it and use it
wisely. 5:29 This is something we’ve not been known for in the past, but anyway, I want
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to talk about ground water, so you have a real feeling for what that’s all about. And then
I’m going to go into the last three topics, rock formation, earthquakes, and mountains.
They all sort of go together. Rock deformation is just what it says it is: breaking and
bending of rocks. Earthquakes are the result of some of the breaking of rocks as we’ll
find out. And then we’re going to complete the course with a discussion of mountains
and the reason why I have this at the end is in my way of thinking, at least, mountains are
sort of the last remaining thing, the totality all of all the things we are going to talk about,
the epitome 6:08 of geology, all the processes working together and making what has to
be the most spectacular thing on earth’s surface. So anyway, that is what the course is
going to be about and where to start? >
6:20 I’ve often thought that the place to start a course in geology is in the beginning.
And in the beginning, astronomers tell us that there was no need for geology because
there were no rocks. There were no minerals. There was no earth. There were no stars.
They tell us there was nothing, so my question would be, “What about all the stuff out
there in the universe? Where was it?” Well, that depends upon to whom you speak.
There was a Belgian astronomer named Lemaitre who said that all of the stuff that we see
now in the universe, all of it, was once crunched down, possibly into a sphere about the
size of a golf ball. Now, obviously, whatever was in there, wasn’t matter as we know it.
The conditions that would have had to exist in there would not have allowed matter to
exist. It would have been ripped apart, even the stuff of which matter is made would
have been ripped apart, atoms and things like that. Question: What was in there? Well,
they say that what was in there was these things called quarks and what a quark is,
according to a physicist, is the smallest subdivision of matter. So, in this case we call that
the primeval atom, his primeval atom was filled with quarks. Now if that is not a good
enough theory for you, here is another one; the crunch could go down even further to
what is known as a singularity. A singularity, by definition, is a non-dimensional spot.
What’s there? Nothing but energy, just pure energy. 7:48 And then what happened? Well
according to the theories there was an event that we usually refer to as the Big Bang. The
Big Bang, what was it? Well, it depends on whether you believe in the primeval atom or
the singularity. In the case of the primeval atom the picture is that it exploded. In the
case of the singularity, it just started to rapidly expand. Let’s go to the primeval atom.
When this thing exploded all of a sudden picture all of these things exploding out into
space called quarks, six kinds or quarks. Now physics has interesting names for these
kinds of things: up and down, charm and strange, and top and bottom. Don’t ask. But
anyway, the two that are going to be important to us are the ups and downs. 8:32 Now
because these are the two that are going to go together to form the fundamentals of atoms
named protons and neutrons. Now here is the way it works. The ups are worth plus twothirds charge. Each up is a plus two-thirds charge. Downs are a minus one-thirds charge.
So the way it works is if you have two ups and one downs, that’s two times two times
equals four-thirds plus one-thirds down. If you subtract you end up with three-thirds
which is one. That forms a proton and is why protons have a charge of one. On the other
hand, if you have two downs, minus two-thirds, and two ups, plus two-thirds, they cancel
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each other out and you have no charge. That is called a neutron. So your protons and
neutrons are formed from the ups and downs.
9:19 And then, of course, what happens to the electrons? They are simply bundles of
energy and we know how that works.
9:26 Now the way it works then, we have protons and neutrons and these things go
together to form the most fundamental atom of all namely the hydrogen atom which is
one proton surrounded by one electron.
9:37 Now the neutrons can be made into helium too, but they were used up really, really
fast. In our discussion we are going to be talking primarily about the generation of
hydrogen atoms going out into space.
9:50 Protons were being created. Out of the electrons alone, energy was being created
because that’s all electrons are is little bundles of energy. That’s what would have
happened with the primeval atom. How about the singularity? There wasn’t anything
there in the first place. Well, you gotta make some matter and how do you do that? Well,
according to Albert Einstein, you can take his equation, E = mc2 and take energy and turn
it into matter and I presume what the matter would be turned into would be the quarks.
So in either case, we are forming the quarks, and then rushing out into space and then the
quarks started getting together to form the basic, fundamental parts; protons and
electrons. And then they say within approximately half an hour, which always cracks me
up in a way, thinking that something that happened thirteen billion years ago broken
down in half hour segments, but they say within half an hour these things started getting
together to make the most primitive of all atoms, a single proton surrounded by a single
electron, of course, hydrogen. So now if you can just imagine, if you will, this bubble of
hydrogen roaring out into space in all directions. What was the next thing that happened?
Well, the astronomers say that little bundles of hydrogen started getting together and I
never could quite find out what caused them to do that, but they talk about these little
bundles of hydrogen that started rotating on themselves. I do know this; Isaac Newton
taught that if in space you start to turn, which they were turning, you see, a force of
gravity was generated perpendicular to the direction they were going pointing towards the
center of rotation. So picture now, these little bundles of hydrogen starting to rotate,
collapsing on themselves down into some core and as they collapse some of that energy
is being converted into heat. And they say that the heat never got above about fifteen
million degrees in whatever measurement you want. What happened down in the core is
four hydrogen atoms got together with four electrons to form one helium atom. Now if
you look at the mass of four hydrogen atoms and the mass of the one helium atom, four
hydrogen has more mass than one helium, so it looks like we had some mass loss here
someplace. Well, again, they tell us you can’t lose mass, but you can convert it,
according to Einstein’s equation again. So that little bit of lost mass was converted into
energy, so in addition to the helium, you’re giving off energy and of course, what we’ve
got now are stars. That is how stars were created.
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12:20 And stars were created through this expanding cloud of hydrogen and gas.
12:26 Uh, how long this went on we don’t really know, maybe a million years. Who
knows? But, sooner or later, the number of stars became so numerous that they started to
attract each other because again, Isaac Newton taught us that everything in the universe
attracts every other thing in the universe. So they started attracting each other into huge
groups of stars called galaxies.
12:45 Now how big is a galaxy? How many stars? I really have no idea.
12:51 There are probably billions and billions as Carl Sagan would have said, maybe a
hundred billion, maybe one hundred fifty billion into this huge group and then it started
to rotate. Now things in rotation start to flatten out along the rotational axis. I think you
probably remember from somewhere in your education that the Earth is what, twentyseven miles shorter in the rotational axis than it is in the equatorial axis.
13:15 Well in this case this mass of stars started collapsing down to form a discus shape.
Now there are all types of galaxies, I know, but the astronomers tell us this type of galaxy
is a discus shape with most of the stars rotating at the center as you might suspect. And
as you get to the outside edge, the number of starts gets fewer and fewer. Well, of course
we belong, when I say we me I mean our little private sun, belongs to one of these
galaxies. We belong to the Milky Way galaxy and we are located not all the way to
outside edge, but pretty far out to the outer edge. It’s a pretty neat place to be because it
is sort of like standing at the edge of the woods. You can look beyond the edge of the
woods, across the field to the edge of the next woods on the other side. In this case we
can look beyond the edge of our own galaxy across space to the next galaxy which is
Andromeda. Had we been in the middle of the galaxy I suppose we couldn’t have done
that because the stars would have gotten in the way like the trees would have gotten in
the way if you were standing in the middle of the woods.
14:17 So anyways, now we have this galaxy that’s rotating on its own axis. Galaxies
started to form. How many galaxies are there? Well again, I really don’t know how many
galaxies there are; billions and billions, maybe a hundred billion of these things all
rotating on their own axis, all rotating around space, around some point in space, I
presume where the Big Bang occurred, and all moving away from each other.
14:42 Why? Because the universe is still expanding. We’re still an expanding universe.
Question: How long will that go on? Well again, I think that depends upon to whom you
speak. For example, it depends on how much matter is in the universe. Now here’s the
real problem. We don’t really know how much matter, stuff, is in the universe.
15:02 We can see some of it. We can see stars. We can see planets. We can see those.
But then there is this stuff that they call dark matter. We can’t see dark matter. What
dark matter is is just bits and pieces of stuff were going to talk about called cosmic dust.
They’re not big enough to give off much light. They don’t give off their own light so we
really can’t see them.
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15:21 So we call that dark matter. So the idea is that they say that there is a critical mass,
a critical mass of stuff. What that is, I’ve never had anybody explain to me what a
critical mass is, but it has to be something beyond which something happens.
15:36 Well, in this case they say if the known amount of matter we can see and the dark
matter is less than the this critical mass, then they say what will happen is the universe
will expand forever. 15:51 And then what is going to happen? Well picture the universe
expanding forever, expanding in space. There is no limit in space so, sooner or later,
galaxies are going to get so far away from each other that you are not going to be able to
see one galaxy from the other.
16:04 And as they get further away from each other, before long, the stars are going to
start dying and pretty soon, the universe is going to turn into a cold, dark, dismal place,
not a place I think I would like to be in.
16:21
Thesis Nutrition Transcript
The Great Courses
Brain Myths Exploded: Lessons from Neuroscience
Can Certain Foods Make You Smarter?
https://www.youtube.com/watch?v=OcI_nSDxtus&index=24&t=0s&list=PL3EDD8D75
6C75A052
Nutrition Segment 1 (Total Running Time: 3min 7s)
00:19-00:25 Can you remove the background music from this section?
00:19-03:26 I’m sure you’ve seen the headlines – Fish oil makes you smarter.
Blueberries can stave off dementia. Chocolate cures depression. We seem to be overly
eager to embrace the idea that there are certain foods, brain food if you will, that improve
our brains function. Whether that’s because what we eat can influence our mood or it can
be rewarding or is even easy fix, there’s clearly an appeal to the notion that what we put
in our mouths has a direct influence on our brains and that purported mechanism by
which these superfoods might influence our minds has gotten increasingly specific with
advertisements using terms like neuroplasty, synaptic repair and neurotrophic factors to
give their claims gravitas, but what do the data show? Is there any credible evidence that
we should be swallowing blueberries by the mouthful and how should we evaluate the
evidence that does exist? How, ultimately, does what we put in our mouths end up in our
brains? These are the questions we’ll explore in this lecture and along the way we’ll test
out the myths associated with brain food, specifically addressing fish oil, vitamins, and
power drinks, and antioxidants like chocolate and green tea. But, let’s start by examining
why food fads make headlines. You boil this conundrum down to three words; cheap,
easy, and tasty. Wouldn’t we love to just take a pill and get smarter? It sounds silly when
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put like that, but it’s so easy to convince ourselves that goji berries will increase our
brains processing speed or something like that. But, if they don’t work, why do we keep
seeing products with outrageous claims on their labels? A famous case in point was the
company that made drinks with the prefix neuro whose logo includes a head with some
kind of wave inside it, presumably representing neural activity. With the neuro sonic
drink, the company calls their proprietary blend of ingredients, including caffeine,
modern science’s greatest blend of natural mental performance enhancers. “Get smart,
drink neuro,” they suggest. It’s pretty simple to test claims of cognitive enhancement in a
well-designed study, double-blind, placebo-controlled, but the company has yet to
publish such an experiment. Well, if adding caffeine to a drink in a pretty bottle can
make it fly off the shelves, why bother with the study? It’s hard to make money off of
readily available food. You can’t patent blueberries and that means that expensive
clinical trials on their efficacy are hard to fund which means that we don’t have a
regulatory body like the FDA helping us separate the wheat from the chaff. It’s hard to
find data on the effects of different specific foods on brain function, hard, but not
impossible.
Nutrition Segment 2 (Total Running Time: 3 min 0s
03:27-06:27 One way, you might say, is just to ask people to participate in studies that
test their brain function and track what they eat. Simple enough, until you consider that
the types of people who can afford to volunteer for such studies, remember there
probably isn’t much money to pay them, so most survey studies are limited to people
with a moderate to high socioeconomic status. The second problem is that you need to
control the dosage or ingredients in whatever it is that you are studying. So, for example,
let’s say you’re interested in studying the effects of resveratrol which is an antioxidant
found in red wine. Well, for such a study you need to know exactly how much red wine
is being consumed. You can’t just ask people to report how many glasses they drink.
The size of my glass might be very different form yours. The gold standard, a doubleblind placebo-controlled study, is expensive, but ultimately, that’s the only kind of
evidence that can really evaluate the effect of a particular food on brain function, so as
we talk about the specific studies, let’s keep these constraints in mind. And speaking of
minds, what do we know about how nutrients reach the brain? Well, you might remember
that the way nutrients reach brain cells is a bit different from the way they reach the rest
of the body. That’s because brain cells are precious; we don’t want to lose them because
they don’t replenish the way, say, our skin cells do. Our experiences are written into the
physical and physiological features of our neurons and we don’t want to lose our memory
of our grandmother, for example, because we ate a bad oyster which obviously is
impossible, but you get the point. The immune system largely functions by killing cells
infected with foreign invaders. Well, we can’t use that system in the brain the same way
that we use it in the rest of the body so instead of sending out troops of killer cells, nature
built a fortress around the brain called the blood-brain barrier. It’s essentially just a
network of blood vessels with cells that are much more tightly packed preventing large
molecules from being able to cross into the brain but that means that important nutrients
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are also shut out so the brain has a complex system of cells that do security checks letting
in the good nutrients and passing them along to the right brain cells and keeping out the
suicide bombers for the most part. You might also remember that the brain is hungry.
It’s metabolically costly organ taking up only 2% of body mass but guzzling around 20%
of its fuel. That’s why it’s hard to think when your blood sugar is low, but providing
glucose is not the only way that food can influence the brain. It also provides certain
cellular building materials that can play a role in neuroplasticity, how cells change with
experience.
Nutrition Segment 3 (Total Running Time: 2min 4s)
06:28-09:32 These changes can even include epigenetics, switching genes on and off and
affecting how they’re expressed meaning that what you eat can ultimately shape your
brain. Let me show you how. Some foods, for example can trigger the release of certain
hormones that can then affect brain function. One of these hormones is called BDNF
brain-derived-neurotrophic-factor and it plays a starring role in our first food study.
BDNF is one of my favorite proteins so let me take a minute to tell you why. It has a
number of jobs, one of which is to guide and promote the growth of new neurons and the
connections between them. It’s very active in my favorite brain region the hippocampus
which is where our short-term memories are turned into long-term ones. The
hippocampus is our window both to the past and to the future. We need it to travel back
in time in our memory and forward in time in our imagination. pretty awesome. Because
it plays a big role in shaping the hippocampus, BDNF is important for long-term memory
formation. If you put an animal human or otherwise in an enriching environment for
example, more BDNF will be produced in his brain leading to more synapses, more
dendrites, and more neurons themselves, the ultimate effect of which is that the animal
learns more. It gets smarter than an animal raised in an impoverished environment whose
brain has lower levels of BDNF and fewer of these changes. So is there any connection
between BDNF levels and the food we eat? Well, the key ingredient in fish oil is omega3 polyunsaturated acid, specifically, (Docosahexaenoic acid) docos EXO Noack acid or
DHA and you might have heard claims that it is good for your brain. You can find it in
an oily fish like salmon, mackerel, and sardines or you can take it as a supplement, and
yes, DHA is thought to play a role in brain development by increasing expression of
BDNF. This is why women who are pregnant are encouraged to take DHA and you can
find infant formulas with DHA supplements added in. From work with rodents we know
that omega-3 fatty acids turn on genes that help keep the signaling system between brain
cells working properly and enable neuroplasticity or the types of physical changes that
drive learning. DHA is the most prevalent fatty acid in brain cell membranes, the
protective coating that keeps the good stuff inside the cells and the bad stuff out, but that
also plays a major role in signaling between cells and there’s some evidence that our
ability to add DHA to our diets was a turning point in our evolutionary history helping
our brains to grow in size compared with the rest of our body increasing the brain to body
mass ratio or encephalization quotient.
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APPENDIX C

MULTIPLE CHOICE TESTS

Thesis Botany Questions
Segment 1:
1. You and every other animal are meant to admire a flower’s
a. Color, shape, and smell
b. Fast evolution
c. Delicate nature
d. Fossil record
2. What question about flowers did John Ball ask in his 1879 essay to the Royal
Geographical Society?
a. How did delicate flowers leave so many fossils?
b. How could natural selection, operating on a time-scale by Darwins’
definition, account for so many different types of flowers appearing so
rapidly?
c. How were the early flowers pollinated?
d. How did flowers survive in the European Alps?
3. What phrase concerning the rapid development of flowers did Darwin use in a
letter to his friend, John Hooker?
a. Natura non facit saltum
b. Natural selection
c. Abominable mystery
d. Sine qua non
4. Darwin questioned how natural selection could account for the rapid appearance
of so many types of flowers. He used the phrase “Natura non facit saltum” which
means
a. Nature never makes leaps
b. Sometimes nature makes leaps
c. Salt of the earth
d. Nature is never false
5. The first flower from the fossil record is named Archaefructus which means
a. Fruit flower
b. Flowering fruit
c. Architectural flower
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d. Old flower
Segment 2:
1. Flowering plants became the dominant form of plants about _______________
years after their appearance, a relatively short time period in terms of natural
selection.
a. 20 million
b. 40 million
c. 60 million
d. 80 million
2. Depending on how you count there are currently approximately
a. Three to four thousand species of flowering plants
b. Thirty to forty thousand species of flowering plants
c. Three to four hundred thousand species of flowering plants
d. Three to four million species of flower plants
3. Which discovery might explain the rapid development of flowers?
a. The discovery of an extinct flowering plant called acropolis that dated 100
million years earlier than the date Darwin found so abominable for the
rapid development of flowers
b. Polyanthy
c. The coexistence of dinosaurs with flowers
d. Monoploidy
4. Another explanation for why flowers seem to have appeared suddenly may be
a. Dinosaurs ate all the flowers before they could be fossilized
b. We’re looking in the wrong place for the fossil evidence because the small
flowers grew in the understory of larger conifers and cycads of the
Jurassic period
c. Early flowers were cones
d. Early flowers were destroyed when a meteor hit the earth
5. Flowers may have been limited in their ability to form fossils because
a. They may not have been woolly
b. Extreme temperatures caused the flowers to decompose before they could
become fossilized
c. Early flowers were eaten by animals before they could form fossils
d. They may have been too small to form fossils
Segment 3:
1. Flowers appeared about 290 million years ago during the
a. Silurian period
b. Cretaceous period
c. Devonian period
d. Jurassic period
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2. The main molecular technique used to date flowers is called the
a. Molecular clock
b. Carbon 12 dating
c. Carbon 14 dating
d. Molecular calendar
3. To assess the background of a plant, botanists assume that as the difference
between the DNA in the chloroplast and the current DNA increases, the plant
must have appeared
a. Further in the past
b. More recently
c. Further from the current location
d. Botanists do not use DNA in the chloroplast to determine when a plant
first appeared.
4. Flowers are a monophyletic group which means flowers form
a. A group with no offspring
b. A group with many descendants
c. A group with one descendant and all the offspring
d. A group with no descendant and many offspring
5. When an animal become specialized and only pollinates and disperses one plant
the plant may become isolated. This is the key to
a. Dispersal across a broad area
b. Pollination dominance
c. Pollinator monopoly
d. Speciation or the formation of new species
Thesis Chemistry Questions
Segment 1:
1. According to the author, nature uses a collection of a few types of small
components to
a. Create larger structures
b. Create smaller components
c. Create equally sized components
d. Create diversity in the environment
2. If you split an atom of gold, the two fractions
a. Will be identical
b. Will have the same mass
c. Will no longer be gold
d. Will remain an atom of gold
3. The two sub-atomic particles of atoms that have nearly equal mass are
a. The nucleus and the positron
b. The proton and the electron
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c. The nucleus and the electron
d. The proton and the neutron
4. Negatively charged particles that orbit the nucleus are called
a. Negatrons
b. Protons
c. Neutrons
d. Electrons
5. Neutrons have
a. A positive charge
b. No charge
c. A negative charge
d. Both a positive and a negative charge
Segment 2:
1. Ancient Greek philosophers postulated that there are just a handful of elemental
substances believed to be
a. Wind, water, fire, and earth
b. Air, water, fire, and earth
c. Sun, water, fire, and earth
d. Sprits, water, fire, and earth
2. We still refer to the smallest quantity of a given element that can still exist as that
element as an atom, a Greek word that means
a. Invisible
b. Permanent
c. Not divisible
d. Permeable
3. When John Dalton developed his atomic theory, he used
a. A keen intellect and the work of previous scientists
b. Sophisticated scientific instruments
c. A scanning electron microscope
d. The Hadron Collider
4. When one molecule of oxygen reacts with one molecule of hydrogen, we create a
compound known as
a. Water
b. Bleach
c. Hydrogen peroxide
d. Dihydrogen monoxide
5. When thirty-two grams of oxygen react with four grams of hydrogen to produce
thirty-six grams of water, we can say that this is an example of
a. The Law of Consequences
b. The Law of Multiple Proportions
c. The Law of Conservation of Energy
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d. The Law of Conservation of Mass

Segment 3:
1. In the case of water, we have thirty-two grams of oxygen to four grams of
hydrogen producing a ratio of 32/4 or 8. 8 is a
a. Simple whole number
b. Complex number
c. Symbolic number
d. Degraded fraction
2. Dalton noticed that water had an oxygen hydrogen ratio of 8 and hydrogen
peroxide had a ratio of 16, twice the ratio of water. He noticed you could have a
ratio of 8 or double that, but never in between 8 and 16. He called this
a. The Law of Conservation of Mass
b. The Law of Conservation of Ratios
c. The Law of Multiple Proportions
d. The Law of Conservation of Multiple Proportions
3. Dalton combined two laws to make an argument for the existence of atoms that
a. Confirmed the work of his academic peers
b. Was widely refuted by his academic peers
c. Refuted the atomic theories of Demosthenes and Plato
d. Restored traction to the atomic theories of Demosthenes and Plato
4. Dalton believed that matter
a. Is not infinitely divisible
b. Is infinitely divisible
c. Could be divided into particles smaller than the atom
d. Could lose mass during chemical reactions
5. From the time Dalton developed his atomic theory, how long did we have to wait
before technology caught up with the atom leading to the realization that atoms
are divided into subatomic particles?
a. 10 years
b. 20 years
c. 100 years
d. 1000 years
Thesis: Meteorology Questions
Segment 1:
1. Which of the following examples of extreme weather did the author use as an
example?
a. A place in India that averages four hundred fifty inches of rain each year
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2.

3.

4.

5.

b. The Amazon Rainforest
c. Typhoon rains in Asia
d. Thunderstorms in North America
During a devastating Oklahoma City tornado in 1999 detected winds were
a. Over 100 miles per hour
b. Over 200 miles per hour
c. Over 300 miles per hour
d. Over 400 miles per hour
The highest temperature ever recorded in the United States (134 degrees
Fahrenheit) occurred in
a. White Sands National Monument, New Mexico
b. Nellis Air Force Base, Nevada
c. The Chihuahuan Desert, Texas
d. Death Valley, California
The lowest temperature ever recorded in the United states (-80 degrees
Fahrenheit) occurred in
a. Granite Peak, Montana
b. Minot, North Dakota
c. Baxter State Park, Maine
d. The Alaskan Interior
Thunder occurs when
a. Air jumps away from a lightning bolt so fast that it breaks the sound
barrier
b. Air adjacent to the lightning bolt heats to five hundred degrees
c. Wind starts blowing down slope
d. Air currents move in a circular pattern

Segment 2:
1. When two pieces of the Earths’ crust overcome the resistance of friction the result
is called a(n)
a. Tsunami
b. Sinkhole
c. Earthquake
d. Cave
2. What causes the imbalance between cold air (atmosphere) and warm ground on
the Earth?
a. The light color of the ground reflects energy from the sun
b. Poor absorption of energy from the sun in the Earths’ atmosphere
c. The atmosphere bends the Suns’ radiation and makes it easier for the
ground to absorb
d. Underground calderas cause the ground to be hotter
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3. How does nature reduce the imbalance between the warm ground and the cold air
(atmosphere)?
a. Nature uses rain to cool the ground
b. Volcanoes erupt, and the lava heats the air (atmosphere)
c. A solar eclipse occurs whenever the ground becomes too hot
d. Nature uses winds to distribute the heat
4. What is another method that nature uses to reduce the imbalance between the
warm ground and the cold air (atmosphere)?
a. Convection
b. Transpiration
c. Cave Winds
d. Aspiration
5. Temperature differences make pressure differences and pressure differences drive
a. Migration
b. Soil density
c. Winds
d. Saline concentration
Segment 3:
1. The goal of winds is
a. To redirect solar radiation
b. To reduce the amount of moisture in the atmosphere
c. To reduce the stress that results from the temperature differences between
the warm ground and the cool air (atmosphere)
d. To shape the land into interesting features that decrease the temperature of
the ground
2. The author stated that the metal can of electronic duster felt cooler than the table
top or glass cup because
a. Metal has a lower resting temperature than the table top or glass cup
b. Metal is a good conductor of heat
c. Metal is a good conductor of electricity
d. The contents of the can were compressed
3. Products like electronic duster used to use chlorofluorocarbons (CFCs) that
worsened ozone holes. They now use hydrofluorocarbons which are ozone safe,
but also
a. Add water to the atmosphere
b. Dissolve in water
c. Are greenhouse gases
d. Are a solid at room temperature
4. Normally, hydrofluorocarbons are gasses, but the high pressure inside the can of
electronic duster makes the contents a(n)
a. Solid
b. Fluid
c. Expanded gas
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d. Latticed matrix
5. Adiabatic is a Greek word that means
a. Impassible
b. Imperceptible
c. Immaterial
d. Immediate
Thesis Nutrition Questions
Segment 1:
1. Which of the following foods were given as examples of foods that have been
touted as improving our brains’ function?
a. Rye bread
b. Fish oil
c. Pine nuts
d. Whole milk
2. What explanation did the author give for why these types of food fads make
headlines?
a. The foods were all proven to improve our brains’ function in double-blind
studies
b. Eating foods or taking a pill to improve our brains’ function is cheap,
easy, and tasty
c. Claims about specific improvements (e.g. Green tea improves mental
focus) fool people into believing the claims
d. Journalists are not scientists and don’t verify that nutrition claims are
supported by scientific research
3. The author questioned the validity of the claim made by a company that offered
drinks with the prefix neuro that their product is “modern science’s greatest blend
of natural mental performance enhancement” because
a. Caffeine is not a natural substance
b. Other products use caffeine
c. The company has not produced a double-blind, placebo-controlled study
that supports the claims of cognitive enhancement
d. The blend of ingredients is proprietary, and the author couldn’t verify if
the ingredients enhance brain function
4. What reason did the author state for manufacturers offering untested claims about
food enhancing our brains’ function?
a. Foods can’t be patented so there is no profit to be made by conducting
studies on the effects of specific foods on brains’ function
b. Manufacturers are greedy and don’t care about peoples’ health
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c. Manufacturers don’t worry about being sued for false claims because their
lawyers are smarter than the lawyers at the agency that regulates nutrition
claims.
d. Manufacturers believe that they are doing a good thing because if people
think the ingredients will make them smarter, then they will act smarter (a
placebo effect).
5. Which government agency inspects and regulates claims about the effects of food
on our brains’ performance?
a. There is no government agency that inspects and regulates claims about
the effects of food on our brains’ performance.
b. Food and Drug Administration (FDA)
c. National Science Foundation (NSF)
d. Department of Agriculture
Segment 2:
1. The author suggests that just asking people to participate in studies that test their
brain function and asking what they eat would be likely to have which type of
flaw?
a. People who participate in the study probably place a high priority on
nutrition, so the survey study would likely be limited to people who
already eat a healthy diet
b. There wouldn’t be much money to pay participants, so the survey studies
would likely be limited to people with a moderate to high socioeconomic
status
c. People who are embarrassed about their eating habits may alter their
eating habits (social desirability bias) resulting in inaccurate data
collection
d. People are busy and are unlikely to remember to record everything they
eat or drink, resulting in missing information for the study.
2. What other problem did the author suggest would affect survey studies about what
people eat?
a. Controlling the dosage or ingredients participants consume
b. Accounting for differences in nutritional content of similar foods grown in
dissimilar environments
c. Low completion rates for the study
d. The author did not suggest more than one problem might occur with
survey studies
3. The way nutrients reach brain cells is different from the way nutrients reach other
types of cells because
a. Brain cells are more tightly packed than other types of cells
b. Brain cells are longer than other types of cells
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c. Brain cells are frequently replenished, and we do not have to worry about
replacing them
d. Brain cells do not replenish the way other cells such as skin cells do,
making them precious as the repository of our experiences
4. The fortress that protects our brain from foreign invaders is called the
a. Amygdala
b. Tympanic membrane
c. Blood-brain barrier
d. Central sulcus
5. Our brain is a metabolically costly organ taking up only two percent of body mass
but guzzling around
a. Three percent of its fuel
b. Ten percent of its fuel
c. Fifteen percent of its fuel
d. Twenty percent of its fuel
Segment 3:
1. What word refers to switching genes on and off and affecting how they are
expressed?
a. Gene therapy
b. Epigenetics
c. Gene modification
d. Mutation
2. In which region of the brain is brain-derived-neurotrophic-factor (BDNF) very
active?
a. Cerebellum
b. Amygdala
c. Prefrontal cortex
d. Hippocampus
3. What is/are the role(s) of the hippocampus in memory?
a. Make the color in memories into black and white images
b. Turn short-term memories into long-term memories
c. Align our memories with other peoples’ memories
d. Ensure the accuracy of memories
4. Why are pregnant women encouraged to take DHA supplements?
a. DHA increases the expression of brain-derived-neurotrophic-factor
(BDNF)
b. DHA reduces the anxiety levels of pregnant women
c. DHA decreases the expression of BDNF which is dangerous to unborn
babies
d. DHA reduces tiredness
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5. There is some evidence that our ability to add DHA to our diets was a turning
point in our evolutionary history by
a. Helping our brains grow in size, relative to the rest of our body, increasing
the brain-to-body mass ratio
b. Helping our brains replenish damaged cells, enabling us to live longer and
learn more
c. Preventing infection by increasing the elasticity of skin cells
d. There is no evidence that DHA affected our evolutionary history
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APPENDIX D

LINKS TO GREAT COURSES LECTURES AND WEBSITE

Plant Science: An Introduction to Botany/ The Great Courses
Flowering plants arrived relatively late in geological time, between 290 to 145
million years ago. But once here, they evolved quickly and often displaced many other
types of plants. In fact, in terms of species, flowering plants are the dominant plant form
on Earth today with more than 300,000 types. Learn how their unique reproductive
mechanisms led to this explosion of speciation in such a relatively short time.
https://www.youtube.com/watch?v=8G7D_sy7qE&list=PL3EDD8D756C75A052&index=21&t=0s
Can Certain Foods Make You Smarter?/ Brain Myths Exploded: Lessons from
Neuroscience
This lecture on brain food takes a look at the scientific truths behind food fads,
tests the myths associated with foods like fish oil, power drinks, chocolate, vitamins, and
ponders the potential of smart pills like Ritalin and Adderall.
https://www.youtube.com/watch?v=OcI_nSDxtus&index=29&list=PL3EDD8D756C75A
052&t=0s
Chemistry and Our Universe: How it All Works/ Basic Structure of the Atom/ The Great
Courses
Chemistry is the study of matter and energy at the scale of atoms and molecules.
As the most all-embracing discipline there is, it should be at the top of everyone’s list of
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must learn subjects. Unfortunately, chemistry has an undeserved reputation for difficulty
and abstraction. Any subject that encompasses as many components as chemistry is
going to appear complex. The beauty of delving into the study of chemistry is the
discovery of how organized, logical, consistent, and powerfully predictive it becomes-if
properly presented.
https://www.youtube.com/watch?v=Ml1bk9wDXVo&index=77&list=PL3EDD8D756C7
5A052&t=0s
Meteorology: An Introduction to the Wonders of the Weather/Nature Abhors
Extremes/The Great Courses
From thunderstorms to typhoons to driving winds, the world’s weather is often
tumultuous, destructive, and surprising. And yet, all these phenomena represent Nature’s
attempt to mitigate extreme conditions. In this introduction, begin to explore some of
these extremes as you examine the great complexity of the world weather system.
https://www.thegreatcoursesplus.com/meteorology
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APPENDIX E
EXPERIMENTAL SESSION SCRIPTS

Auditory Listening Task (ALT) Condition A Session Running Script
Pre-session setup:
1. Obtain names of students from SONA.
2. Retrieve packets (PCT & LST) from the filing cabinet in testing room CTC 002F.
3. Place packet (face-down) and pen in front of computers for each person
scheduled.
4. Click on the Auditory Listening Task PTQ desktop icon that pertains to the
condition you will be running (ALT_A, B, C, D).
5. Enter the participant ID number and select the condition letter, but do not click
on the red arrow. Minimize the instruction screen until you are finished with all
other tasks.
6. Turn on the computers/monitors and click on the Auditory Listening Task
shortcut icon. Enter the ID number from the packet as instructed on the computer,
THEN ENTER THE CORRECT CONDITION.
Condition A = 1
Condition B = 2
Condition C = 3
Condition D = 4
6. Open the program by clicking on the arrow. (The screen will turn black while
the program is loading.)
7. Once the program opens, minimize the screen.
8. Click on ALT_CONSENT_PDS_MCI_AVT desktop icon.
9. Enter the participant ID number and select the condition letter, but do not click
on the red arrow.
10. Retrieve stopwatch from the basket on the shelves in 00-2f. You will need this
for the
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PCT (Pattern Comparison Task). Call participants into the room once it is set up.
Hi, my name is________. Is everyone here for the “Auditory Listening Task”
experiment? Ok, before we begin, is everyone at least 18 years of age (if not, must have
signed parental consent form to continue)? Is everyone here a native English speaker, or
have spoken English for at least 10 years? (if not, they are unable to participate) Ok, first
I need to get your names and the psychology class & professor that you would like your
activity points to go to (log all information onto the “Activity Point Log” in the ALT
folder).
Please click on the red arrow and a consent form will appear on the computer screen. I
need you to read and electronically sign and date the form. You will then complete two
questionnaires, one asking for demographic information and the other asking general
questions about your memory. Please complete these and then stop when you get to the
page with “AVT” at the top of it and wait for further instructions (wait for everyone to
finish the consent, PDS, and MCI before continuing).
Ok, is everyone finished with the Personal Data Sheet and the Memory Controllability
Inventory? If so, then let’s begin the Advanced Vocabulary Test. The top of your
screen should say AVT. Please read along with me as I go over the instructions.
The AVT is a test of your knowledge of word meanings. Look at the sample given.
One of the five numbered words has the same meaning or nearly the same meaning as the
word that is underlined. Indicate your answer by clicking on the number of the word that
you select. The answer to Example 1 is number 5; therefore, number 5 has been
selected. Now please work Examples 2 and 3. (Give them about 30 sec or so to do so).
The answer to Example 2 is “still” therefore you should have selected Number 2. The
answer to Example 3 is “secure” therefore you should have selected number 1.
Remember you are looking for the word that means the same thing as the underlined
word. You will have four minutes to complete this test. If you happen to finish before
the time is up on the screen, please sit quietly and wait for the others to finish. Are there
any questions? Ok, you may click the arrow button to begin. (Once the time is up on the
computer, they’ll be asked to close out of the PDS-MCI-AVT window via the end screen.
They are now ready to begin the PCT and LST on paper).
Ok, everyone should now turn over the paper packet in front of you to the page that says
“Pattern Comparison” at the top. In this task, you will be asked to determine whether two
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patterns of lines are the same or different. If the two patterns are the SAME write an S on
the line between them. If the two patterns are DIFFERENT write a D on the line between
them. They give you three examples. One is already filled in. Please complete the other
two examples now (wait until everyone is finished with the samples). Both of the
examples were different so you should have put a “D” on the lines between the patterns.
You will have 30 seconds to complete as many of the pattern comparisons as possible on
the back of the instruction sheet. Please stop and wait for further instructions when you
complete the task on the next page. Are there any questions? Ok, you may begin (time
the participants 30 seconds to complete page 1 of this task).
When I ask you to turn the page, you will have another chance to complete as many
pattern comparisons as you can in 30 seconds. Are there any questions? Ok, please turn
the page and begin (time them 30 seconds again).
Please turn to the next page. It says “Listening Span” at the top. The listening span
instructions will be played over the speakers, so please listen carefully and follow along
with the instructions printed in your packet. (On computer 5, open the folder labeled
“Listening Span” on the desktop. Then play the audio file labeled “Listening Span
Instructions.”)
Now that you have heard the listening span instructions, I'd like to give you an overview
of how the task will be administered. If you look at the top right of the page of your
packet you should see a set of three practice trials. Each of these trials includes one
question to answer. When I play the audio recording for each practice trial, one sentence
will be read. You may answer the question about the sentence as soon as you would like,
but you must wait until instructed to "turn the page and recall" before writing the last
word of the sentence. Let's try the first trial. (Play the audio recording for Section 1,
Trial 1 and let the participants answer the question and recall the last word of the
sentence. Once they have finished, ask them to tell you the answer to the question and
the last word of the sentence to make sure they understand the instructions. Repeat this
with Section 1, Trial 2 and Section 1, Trial 3.)
Now that you have completed the practice trials, we are ready to begin the actual task. If
you look at the top right of the page of your packet you should again see a set of three
trials, but this time, each of the trials includes two questions to answer and two sentences
will be read when I play the audio recording for each trial. Again, you may answer the
questions about the sentences as soon as you would like, but this time when instructed to
"turn the page and recall," you will be expected to write both of the last words from each
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of the two sentences and to write them in the correct order in which they were
administered.
Does anyone have any questions about the listening span task? If you have any questions
later please wait until the end of the trials to ask them as to not distract the others from
listening. (Continue the listening span by playing audio file labeled “Section 2, Trial 1”.)
After completion of the listening span task, have participants click on the
“ALT_Volume” icon. Before we begin the Auditory Listening Task, we would like to
give you a chance to adjust the volume to a comfortable level. On the lower right portion
of your computer screen is an icon of a speaker that you may use to adjust the volume.
Please place the headphones on your head, click on the ALT_Volume icon and adjust the
volume to a comfortable level. After you have adjusted the volume please remove your
headphones for further instructions.
(Have participants maximize their experiment screen before reading any further
instructions).
Before we begin the Auditory Listening Task, we would like you to answer two brief
questions about your hearing. Please click on the arrow button to open the experiment
and answer the first two questions. You will then come to a screen with instructions for
the experiment. Please stop when you get to the instruction screen and wait for us to go
over the instructions together.
Now that everyone has answered the two questions about hearing, we are ready to begin
the Auditory task on the computer. Before you start, I want to give you a brief overview
of what you can expect. Please follow along with the instructions on your screen.
In this task you will be asked to listen to three segments of a Botany lecture while a
second lecture on Chemistry is also being played. Your goal is to focus on the Botany
lecture while ignoring the Chemistry lecture. After listening to a segment of the lecture,
you will be asked to estimate how likely you are to remember the material for a
recognition test. You will be asked 5 questions about the material in the Botany lecture
and 5 questions about the material in the Chemistry lecture. This process will be
completed for each of the other two trials. After you have completed the three trials and
answered all of the questions, you will be asked to complete one final questionnaire about
the task. Does anyone have any questions about the Auditory Listening Task? (If anyone
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asks why they are being tested on information that they are being told to ignore, tell them
“We are interested in learning how well people can ignore the extra speaker.”)
Remember, your goal is to remember as much information from the Botany lecture as
possible while ignoring the Chemistry lecture. The Botany lecture begins with the words,
“The next time you see a flower…”.
Please press any key to begin.
(After they have finished the computer portion, have them maximize the ALT_PTQ
program and complete the Post Task Questionnaire.)
As each participant completes the PTQ, have them read the debriefing form. They don’t
have to sign the form, just read it. If they have an activity log, you may sign it for them.
After the participants have read the debriefing form, thank them for participating in the
experiment. Open the door and instruct them to exit through the door marked “Please
keep this door closed at all times”.
Post-session wrap-up:
1. Click on the ALT data file icon to open the eprime data file.
2. Click on the participants data file.
3. Copy the file into the ALT data file on the zip drive.
4. Close out of all experiment computer screens.
5. Access the “LLL” folder on the computer desktop outside the testing room and
click on
the folder titled “Research Assistants.”
6. Complete the activity point log in the “Logs to Update” folder in the FIRC3
folder.
7. Paste the participant data files from the zip drive file into the ALT data file on
the computer.
8. Place the zip drive back in the ALT folder.
9. Place the packet in the “Unscored/ Unentered” drop file. Once packet is scored
and
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entered, it can be placed in appropriate “Completed” drop file.
10. If you choose to enter data, you will only need to enter the PCT and LST data
into the
ALT 2 datafile.

Auditory Listening Task (ALT) Condition B Session Running Script
Pre-session setup:
1. Obtain names of students from SONA.
2. Retrieve packets (PCT & LST) from the filing cabinet in testing room CTC 002F.
3. Place packet (face-down) and pen in front of computers for each person
scheduled.
4. Click on the Auditory Listening Task PTQ desktop icon that pertains to the
condition you will be running (ALT_A, B, C, D).
5. Enter the participant ID number and select the condition letter, but do not click
on the red arrow. Minimize the instruction screen until you are finished with all
other tasks.
6. Turn on the computers/monitors and click on the Auditory Listening Task
shortcut icon. Enter the ID number from the packet as instructed on the computer,
THEN ENTER THE CORRECT CONDITION.
Condition A = 1
Condition B = 2
Condition C = 3
Condition D = 4
6. Open the program by clicking on the arrow. (The screen will turn black while
the program is loading.)
7. Once the program opens, minimize the screen.
8. Click on ALT_CONSENT_PDS_MCI_AVT desktop icon.
9. Enter the participant ID number and select the condition letter, but do not click
on the red arrow.
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10. Retrieve stopwatch from the basket on the shelves in 00-2f. You will need this
for the
PCT (Pattern Comparison Task). Call participants into the room once it is set up.
Hi, my name is________. Is everyone here for the “Auditory Listening Task”
experiment? Ok, before we begin, is everyone at least 18 years of age (if not, must have
signed parental consent form to continue)? Is everyone here a native English speaker, or
have spoken English for at least 10 years? (if not, they are unable to participate) Ok, first
I need to get your names and the psychology class & professor that you would like your
activity points to go to (log all information onto the “Activity Point Log” in the ALT
folder).
Please click on the red arrow and a consent form will appear on the computer screen. I
need you to read and electronically sign and date the form. You will then complete two
questionnaires, one asking for demographic information and the other asking general
questions about your memory. Please complete these and then stop when you get to the
page with “AVT” at the top of it and wait for further instructions (wait for everyone to
finish the consent, PDS, and MCI before continuing).
Ok, is everyone finished with the Personal Data Sheet and the Memory Controllability
Inventory? If so, then let’s begin the Advanced Vocabulary Test. The top of your
screen should say AVT. Please read along with me as I go over the instructions.
The AVT is a test of your knowledge of word meanings. Look at the sample given.
One of the five numbered words has the same meaning or nearly the same meaning as the
word that is underlined. Indicate your answer by clicking on the number of the word that
you select. The answer to Example 1 is number 5; therefore, number 5 has been
selected. Now please work Examples 2 and 3. (Give them about 30 sec or so to do so).
The answer to Example 2 is “still” therefore you should have selected Number 2. The
answer to Example 3 is “secure” therefore you should have selected number 1.
Remember you are looking for the word that means the same thing as the underlined
word. You will have four minutes to complete this test. If you happen to finish before
the time is up on the screen, please sit quietly and wait for the others to finish. Are there
any questions? Ok, you may click the arrow button to begin. (Once the time is up on the
computer, they’ll be asked to close out of the PDS-MCI-AVT window via the end screen.
They are now ready to begin the PCT and LST on paper).
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Ok, everyone should now turn over the paper packet in front of you to the page that says
“Pattern Comparison” at the top. In this task, you will be asked to determine whether two
patterns of lines are the same or different. If the two patterns are the SAME write an S on
the line between them. If the two patterns are DIFFERENT write a D on the line between
them. They give you three examples. One is already filled in. Please complete the other
two examples now (wait until everyone is finished with the samples). Both of the
examples were different so you should have put a “D” on the lines between the patterns.
You will have 30 seconds to complete as many of the pattern comparisons as possible on
the back of the instruction sheet. Please stop and wait for further instructions when you
complete the task on the next page. Are there any questions? Ok, you may begin (time
the participants 30 seconds to complete page 1 of this task).
When I ask you to turn the page, you will have another chance to complete as many
pattern comparisons as you can in 30 seconds. Are there any questions? Ok, please turn
the page and begin (time them 30 seconds again).
Please turn to the next page. It says “Listening Span” at the top. The listening span
instructions will be played over the speakers, so please listen carefully and follow along
with the instructions printed in your packet. (On computer 5, open the folder labeled
“Listening Span” on the desktop. Then play the audio file labeled “Listening Span
Instructions.”)
Now that you have heard the listening span instructions, I'd like to give you an overview
of how the task will be administered. If you look at the top right of the page of your
packet you should see a set of three practice trials. Each of these trials includes one
question to answer. When I play the audio recording for each practice trial, one sentence
will be read. You may answer the question about the sentence as soon as you would like,
but you must wait until instructed to "turn the page and recall" before writing the last
word of the sentence. Let's try the first trial. (Play the audio recording for Section 1,
Trial 1 and let the participants answer the question and recall the last word of the
sentence. Once they have finished, ask them to tell you the answer to the question and
the last word of the sentence to make sure they understand the instructions. Repeat this
with Section 1, Trial 2 and Section 1, Trial 3.)
Now that you have completed the practice trials, we are ready to begin the actual task. If
you look at the top right of the page of your packet you should again see a set of three
trials, but this time, each of the trials includes two questions to answer and two sentences
will be read when I play the audio recording for each trial. Again, you may answer the
questions about the sentences as soon as you would like, but this time when instructed to
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"turn the page and recall," you will be expected to write both of the last words from each
of the two sentences and to write them in the correct order in which they were
administered.
Does anyone have any questions about the listening span task? If you have any questions
later please wait until the end of the trials to ask them as to not distract the others from
listening. (Continue the listening span by playing audio file labeled “Section 2, Trial 1”.)
After completion of the listening span task, have participants click on the
“ALT_Volume” icon. Before we begin the Auditory Listening Task, we would like to
give you a chance to adjust the volume to a comfortable level. On the lower right portion
of your computer screen is an icon of a speaker that you may use to adjust the volume.
Please place the headphones on your head, click on the ALT_Volume icon and adjust the
volume to a comfortable level. After you have adjusted the volume please remove your
headphones for further instructions.
(Have participants maximize their experiment screen before reading any further
instructions).
Before we begin the Auditory Listening Task, we would like you to answer two brief
questions about your hearing. Please click on the arrow button to open the experiment
and answer the first two questions. You will then come to a screen with instructions for
the experiment. Please stop when you get to the instruction screen and wait for us to go
over the instructions together.
Now that everyone has answered the two questions about hearing, we are ready to begin
the Auditory task on the computer. Before you start, I want to give you a brief overview
of what you can expect. Please follow along with the instructions on your screen.
In this task you will be asked to listen to three segments of a Nutrition lecture while a
second lecture on Botany is also being played. Your goal is to focus on the Nutrition
lecture while ignoring the Botany lecture. After listening to a segment of the lecture, you
will be asked to estimate how likely you are to remember the material for a recognition
test. You will be asked 5 questions about the material in the Nutrition lecture and 5
questions about the material in the Botany lecture. This process will be completed for
each of the other two trials. After you have completed the three trials and answered all of
the questions, you will be asked to complete one final questionnaire about the task. Does
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anyone have any questions about the Auditory Listening Task? (If anyone asks why they
are being tested on information that they are being told to ignore, tell them “We are
interested in learning how well people can ignore the extra speaker.”)
Remember, your goal is to remember as much information from the Nutrition lecture as
possible while ignoring the Botany lecture. The Nutrition lecture begins with the words,
“I’m sure you’ve seen the headlines…”.
Please press any key to begin.
(After they have finished the computer portion, have them maximize the ALT_PTQ
program and complete the Post Task Questionnaire.)
As each participant completes the PTQ, have them read the debriefing form. They don’t
have to sign the form, just read it. If they have an activity log, you may sign it for them.
After the participants have read the debriefing form, thank them for participating in the
experiment. Open the door and instruct them to exit through the door marked “Please
keep this door closed at all times”.
Post-session wrap-up:
1. Click on the ALT data file icon to open the eprime data file.
2. Click on the participants data file.
3. Copy the file into the ALT data file on the zip drive.
4. Close out of all experiment computer screens.
5. Access the “LLL” folder on the computer desktop outside the testing room and
click on
the folder titled “Research Assistants.”
6. Complete the activity point log in the “Logs to Update” folder in the FIRC3
folder.
7. Paste the participant data files from the zip drive file into the ALT data file on
the computer.
8. Place the zip drive back in the ALT folder.
9. Place the packet in the “Unscored/ Unentered” drop file. Once packet is scored
and
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entered, it can be placed in appropriate “Completed” drop file.
10. If you choose to enter data, you will only need to enter the PCT and LST data
into the
ALT 2 datafile.
Auditory Listening Task (ALT) Condition C Session Running Script
Pre-session setup:
1. Obtain names of students from SONA.
2. Retrieve packets (PCT & LST) from the filing cabinet in testing room CTC 002F.
3. Place packet (face-down) and pen in front of computers for each person
scheduled.
4. Click on the Auditory Listening Task PTQ desktop icon that pertains to the
condition you will be running (ALT_A, B, C, D).
5. Enter the participant ID number and select the condition letter, but do not click
on the red arrow. Minimize the instruction screen until you are finished with all
other tasks.
6. Turn on the computers/monitors and click on the Auditory Listening Task
shortcut icon. Enter the ID number from the packet as instructed on the computer,
THEN ENTER THE CORRECT CONDITION.
Condition A = 1
Condition B = 2
Condition C = 3
Condition D = 4
6. Open the program by clicking on the arrow. (The screen will turn black while
the program is loading.)
7. Once the program opens, minimize the screen.
8. Click on ALT_CONSENT_PDS_MCI_AVT desktop icon.
9. Enter the participant ID number and select the condition letter, but do not click
on the red arrow.
10. Retrieve stopwatch from the basket on the shelves in 00-2f. You will need this
for the
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PCT (Pattern Comparison Task). Call participants into the room once it is set up.
Hi, my name is________. Is everyone here for the “Auditory Listening Task”
experiment? Ok, before we begin, is everyone at least 18 years of age (if not, must have
signed parental consent form to continue)? Is everyone here a native English speaker, or
have spoken English for at least 10 years? (if not, they are unable to participate) Ok, first
I need to get your names and the psychology class & professor that you would like your
activity points to go to (log all information onto the “Activity Point Log” in the ALT
folder).
Please click on the red arrow and a consent form will appear on the computer screen. I
need you to read and electronically sign and date the form. You will then complete two
questionnaires, one asking for demographic information and the other asking general
questions about your memory. Please complete these and then stop when you get to the
page with “AVT” at the top of it and wait for further instructions (wait for everyone to
finish the consent, PDS, and MCI before continuing).
Ok, is everyone finished with the Personal Data Sheet and the Memory Controllability
Inventory? If so, then let’s begin the Advanced Vocabulary Test. The top of your
screen should say AVT. Please read along with me as I go over the instructions.
The AVT is a test of your knowledge of word meanings. Look at the sample given.
One of the five numbered words has the same meaning or nearly the same meaning as the
word that is underlined. Indicate your answer by clicking on the number of the word that
you select. The answer to Example 1 is number 5; therefore, number 5 has been
selected. Now please work Examples 2 and 3. (Give them about 30 sec or so to do so).
The answer to Example 2 is “still” therefore you should have selected Number 2. The
answer to Example 3 is “secure” therefore you should have selected number 1.
Remember you are looking for the word that means the same thing as the underlined
word. You will have four minutes to complete this test. If you happen to finish before
the time is up on the screen, please sit quietly and wait for the others to finish. Are there
any questions? Ok, you may click the arrow button to begin. (Once the time is up on the
computer, they’ll be asked to close out of the PDS-MCI-AVT window via the end screen.
They are now ready to begin the PCT and LST on paper).
Ok, everyone should now turn over the paper packet in front of you to the page that says
“Pattern Comparison” at the top. In this task, you will be asked to determine whether two
90

patterns of lines are the same or different. If the two patterns are the SAME write an S on
the line between them. If the two patterns are DIFFERENT write a D on the line between
them. They give you three examples. One is already filled in. Please complete the other
two examples now (wait until everyone is finished with the samples). Both of the
examples were different so you should have put a “D” on the lines between the patterns.
You will have 30 seconds to complete as many of the pattern comparisons as possible on
the back of the instruction sheet. Please stop and wait for further instructions when you
complete the task on the next page. Are there any questions? Ok, you may begin (time
the participants 30 seconds to complete page 1 of this task).
When I ask you to turn the page, you will have another chance to complete as many
pattern comparisons as you can in 30 seconds. Are there any questions? Ok, please turn
the page and begin (time them 30 seconds again).
Please turn to the next page. It says “Listening Span” at the top. The listening span
instructions will be played over the speakers, so please listen carefully and follow along
with the instructions printed in your packet. (On computer 5, open the folder labeled
“Listening Span” on the desktop. Then play the audio file labeled “Listening Span
Instructions.”)
Now that you have heard the listening span instructions, I'd like to give you an overview
of how the task will be administered. If you look at the top right of the page of your
packet you should see a set of three practice trials. Each of these trials includes one
question to answer. When I play the audio recording for each practice trial, one sentence
will be read. You may answer the question about the sentence as soon as you would like,
but you must wait until instructed to "turn the page and recall" before writing the last
word of the sentence. Let's try the first trial. (Play the audio recording for Section 1,
Trial 1 and let the participants answer the question and recall the last word of the
sentence. Once they have finished, ask them to tell you the answer to the question and
the last word of the sentence to make sure they understand the instructions. Repeat this
with Section 1, Trial 2 and Section 1, Trial 3.)
Now that you have completed the practice trials, we are ready to begin the actual task. If
you look at the top right of the page of your packet you should again see a set of three
trials, but this time, each of the trials includes two questions to answer and two sentences
will be read when I play the audio recording for each trial. Again, you may answer the
questions about the sentences as soon as you would like, but this time when instructed to
"turn the page and recall," you will be expected to write both of the last words from each
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of the two sentences and to write them in the correct order in which they were
administered.
Does anyone have any questions about the listening span task? If you have any questions
later please wait until the end of the trials to ask them as to not distract the others from
listening. (Continue the listening span by playing audio file labeled “Section 2, Trial 1”.)
After completion of the listening span task, have participants click on the
“ALT_Volume” icon. Before we begin the Auditory Listening Task, we would like to
give you a chance to adjust the volume to a comfortable level. On the lower right portion
of your computer screen is an icon of a speaker that you may use to adjust the volume.
Please place the headphones on your head, click on the ALT_Volume icon and adjust the
volume to a comfortable level. After you have adjusted the volume please remove your
headphones for further instructions.
(Have participants maximize their experiment screen before reading any further
instructions).
Before we begin the Auditory Listening Task, we would like you to answer two brief
questions about your hearing. Please click on the arrow button to open the experiment
and answer the first two questions. You will then come to a screen with instructions for
the experiment. Please stop when you get to the instruction screen and wait for us to go
over the instructions together.
Now that everyone has answered the two questions about hearing, we are ready to begin
the Auditory task on the computer. Before you start, I want to give you a brief overview
of what you can expect. Please follow along with the instructions on your screen.
In this task you will be asked to listen to three segments of a Meteorology lecture while a
second lecture on Nutrition is also being played. Your goal is to focus on the
Meteorology lecture while ignoring the Nutrition lecture. After listening to a segment
of the lecture, you will be asked to estimate how likely you are to remember the material
for a recognition test. You will be asked 5 questions about the material in the
Meteorology lecture and 5 questions about the material in the Nutrition lecture. This
process will be completed for each of the other two trials. After you have completed the
three trials and answered all of the questions, you will be asked to complete one final
questionnaire about the task. Does anyone have any questions about the Auditory
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Listening Task? (If anyone asks why they are being tested on information that they are
being told to ignore, tell them “We are interested in learning how well people can ignore
the extra speaker.”)
Remember, your goal is to remember as much information from the Meteorology lecture
as possible while ignoring the Nutrition lecture. The Nutrition lecture begins with the
words, “Hello and welcome to the wonders of the weather…”.
Please press any key to begin.
(After they have finished the computer portion, have them maximize the ALT_PTQ
program and complete the Post Task Questionnaire.)
As each participant completes the PTQ, have them read the debriefing form. They don’t
have to sign the form, just read it. If they have an activity log, you may sign it for them.
After the participants have read the debriefing form, thank them for participating in the
experiment. Open the door and instruct them to exit through the door marked “Please
keep this door closed at all times”.
Post-session wrap-up:
1. Click on the ALT data file icon to open the eprime data file.
2. Click on the participants data file.
3. Copy the file into the ALT data file on the zip drive.
4. Close out of all experiment computer screens.
5. Access the “LLL” folder on the computer desktop outside the testing room and
click on
the folder titled “Research Assistants.”
6. Complete the activity point log in the “Logs to Update” folder in the FIRC3
folder.
7. Paste the participant data files from the zip drive file into the ALT data file on
the computer.
8. Place the zip drive back in the ALT folder.
9. Place the packet in the “Unscored/ Unentered” drop file. Once packet is scored
and
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entered, it can be placed in appropriate “Completed” drop file.
10. If you choose to enter data, you will only need to enter the PCT and LST data
into the
ALT 2 datafile.

Auditory Listening Task (ALT) Condition D Session Running Script
Pre-session setup:
1. Obtain names of students from SONA.
2. Retrieve packets (PCT & LST) from the filing cabinet in testing room CTC 002F.
3. Place packet (face-down) and pen in front of computers for each person
scheduled.
4. Click on the Auditory Listening Task PTQ desktop icon that pertains to the
condition you will be running (ALT_A, B, C, D).
5. Enter the participant ID number and select the condition letter, but do not click
on the red arrow. Minimize the instruction screen until you are finished with all
other tasks.
6. Turn on the computers/monitors and click on the Auditory Listening Task
shortcut icon. Enter the ID number from the packet as instructed on the computer,
THEN ENTER THE CORRECT CONDITION.
Condition A = 1
Condition B = 2
Condition C = 3
Condition D = 4
6. Open the program by clicking on the arrow. (The screen will turn black while
the program is loading.)
7. Once the program opens, minimize the screen.
8. Click on ALT_CONSENT_PDS_MCI_AVT desktop icon.
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9. Enter the participant ID number and select the condition letter, but do not click
on the red arrow.
10. Retrieve stopwatch from the basket on the shelves in 00-2f. You will need this
for the
PCT (Pattern Comparison Task). Call participants into the room once it is set up.
Hi, my name is________. Is everyone here for the “Auditory Listening Task”
experiment? Ok, before we begin, is everyone at least 18 years of age (if not, must have
signed parental consent form to continue)? Is everyone here a native English speaker, or
have spoken English for at least 10 years? (if not, they are unable to participate) Ok, first
I need to get your names and the psychology class & professor that you would like your
activity points to go to (log all information onto the “Activity Point Log” in the ALT
folder).
Please click on the red arrow and a consent form will appear on the computer screen. I
need you to read and electronically sign and date the form. You will then complete two
questionnaires, one asking for demographic information and the other asking general
questions about your memory. Please complete these and then stop when you get to the
page with “AVT” at the top of it and wait for further instructions (wait for everyone to
finish the consent, PDS, and MCI before continuing).
Ok, is everyone finished with the Personal Data Sheet and the Memory Controllability
Inventory? If so, then let’s begin the Advanced Vocabulary Test. The top of your
screen should say AVT. Please read along with me as I go over the instructions.
The AVT is a test of your knowledge of word meanings. Look at the sample given.
One of the five numbered words has the same meaning or nearly the same meaning as the
word that is underlined. Indicate your answer by clicking on the number of the word that
you select. The answer to Example 1 is number 5; therefore, number 5 has been
selected. Now please work Examples 2 and 3. (Give them about 30 sec or so to do so).
The answer to Example 2 is “still” therefore you should have selected Number 2. The
answer to Example 3 is “secure” therefore you should have selected number 1.
Remember you are looking for the word that means the same thing as the underlined
word. You will have four minutes to complete this test. If you happen to finish before
the time is up on the screen, please sit quietly and wait for the others to finish. Are there
any questions? Ok, you may click the arrow button to begin. (Once the time is up on the
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computer, they’ll be asked to close out of the PDS-MCI-AVT window via the end screen.
They are now ready to begin the PCT and LST on paper).
Ok, everyone should now turn over the paper packet in front of you to the page that says
“Pattern Comparison” at the top. In this task, you will be asked to determine whether two
patterns of lines are the same or different. If the two patterns are the SAME write an S on
the line between them. If the two patterns are DIFFERENT write a D on the line between
them. They give you three examples. One is already filled in. Please complete the other
two examples now (wait until everyone is finished with the samples). Both of the
examples were different so you should have put a “D” on the lines between the patterns.
You will have 30 seconds to complete as many of the pattern comparisons as possible on
the back of the instruction sheet. Please stop and wait for further instructions when you
complete the task on the next page. Are there any questions? Ok, you may begin (time
the participants 30 seconds to complete page 1 of this task).
When I ask you to turn the page, you will have another chance to complete as many
pattern comparisons as you can in 30 seconds. Are there any questions? Ok, please turn
the page and begin (time them 30 seconds again).
Please turn to the next page. It says “Listening Span” at the top. The listening span
instructions will be played over the speakers, so please listen carefully and follow along
with the instructions printed in your packet. (On computer 5, open the folder labeled
“Listening Span” on the desktop. Then play the audio file labeled “Listening Span
Instructions.”)
Now that you have heard the listening span instructions, I'd like to give you an overview
of how the task will be administered. If you look at the top right of the page of your
packet you should see a set of three practice trials. Each of these trials includes one
question to answer. When I play the audio recording for each practice trial, one sentence
will be read. You may answer the question about the sentence as soon as you would like,
but you must wait until instructed to "turn the page and recall" before writing the last
word of the sentence. Let's try the first trial. (Play the audio recording for Section 1,
Trial 1 and let the participants answer the question and recall the last word of the
sentence. Once they have finished, ask them to tell you the answer to the question and
the last word of the sentence to make sure they understand the instructions. Repeat this
with Section 1, Trial 2 and Section 1, Trial 3.)
Now that you have completed the practice trials, we are ready to begin the actual task. If
you look at the top right of the page of your packet you should again see a set of three
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trials, but this time, each of the trials includes two questions to answer and two sentences
will be read when I play the audio recording for each trial. Again, you may answer the
questions about the sentences as soon as you would like, but this time when instructed to
"turn the page and recall," you will be expected to write both of the last words from each
of the two sentences and to write them in the correct order in which they were
administered.
Does anyone have any questions about the listening span task? If you have any questions
later please wait until the end of the trials to ask them as to not distract the others from
listening. (Continue the listening span by playing audio file labeled “Section 2, Trial 1”.)
After completion of the listening span task, have participants click on the
“ALT_Volume” icon. Before we begin the Auditory Listening Task, we would like to
give you a chance to adjust the volume to a comfortable level. On the lower right portion
of your computer screen is an icon of a speaker that you may use to adjust the volume.
Please place the headphones on your head, click on the ALT_Volume icon and adjust the
volume to a comfortable level. After you have adjusted the volume please remove your
headphones for further instructions.
(Have participants maximize their experiment screen before reading any further
instructions).
Before we begin the Auditory Listening Task, we would like you to answer two brief
questions about your hearing. Please click on the arrow button to open the experiment
and answer the first two questions. You will then come to a screen with instructions for
the experiment. Please stop when you get to the instruction screen and wait for us to go
over the instructions together.
Now that everyone has answered the two questions about hearing, we are ready to begin
the Auditory task on the computer. Before you start, I want to give you a brief overview
of what you can expect. Please follow along with the instructions on your screen.
In this task you will be asked to listen to three segments of a Chemistry lecture while a
second lecture on Meteorology is also being played. Your goal is to focus on the
Chemistry lecture while ignoring the Meteorology lecture. After listening to a segment
of the lecture, you will be asked to estimate how likely you are to remember the material
for a recognition test. You will be asked 5 questions about the material in the Chemistry
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lecture and 5 questions about the material in the Meteorology lecture. This process will
be completed for each of the other two trials. After you have completed the three trials
and answered all of the questions, you will be asked to complete one final questionnaire
about the task. Does anyone have any questions about the Auditory Listening Task? (If
anyone asks why they are being tested on information that they are being told to ignore,
tell them “We are interested in learning how well people can ignore the extra speaker.”)
Remember, your goal is to remember as much information from the Chemistry lecture as
possible while ignoring the Meteorology lecture. The Chemistry lecture begins with the
words, “Structure – We see it everywhere…”.
Please press any key to begin.
(After they have finished the computer portion, have them maximize the ALT_PTQ
program and complete the Post Task Questionnaire.)
As each participant completes the PTQ, have them read the debriefing form. They don’t
have to sign the form, just read it. If they have an activity log, you may sign it for them.
After the participants have read the debriefing form, thank them for participating in the
experiment. Open the door and instruct them to exit through the door marked “Please
keep this door closed at all times”.
Post-session wrap-up:
1. Click on the ALT data file icon to open the eprime data file.
2. Click on the participants data file.
3. Copy the file into the ALT data file on the zip drive.
4. Close out of all experiment computer screens.
5. Access the “LLL” folder on the computer desktop outside the testing room and
click on
the folder titled “Research Assistants.”
6. Complete the activity point log in the “Logs to Update” folder in the FIRC3
folder.
7. Paste the participant data files from the zip drive file into the ALT data file on
the computer.
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8. Place the zip drive back in the ALT folder.
9. Place the packet in the “Unscored/ Unentered” drop file. Once packet is scored
and
entered, it can be placed in appropriate “Completed” drop file.
10. If you choose to enter data, you will only need to enter the PCT and LST data
into the
ALT 2 datafile.
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APPENDIX F
POST TASK QUESTIONNAIRE (PTQ)

Auditory Listening Task PTQ - Copy
Start of Block: Default Question Block
Q1 Auditory Listening Task PTQ

Click the next button to get started!

Page Break
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Q2 Please enter the 3 digit participant ID number.
________________________________________________________________

Q3 Please select the condition letter.

o A (1)
o B (2)
o C (3)
o D (4)
Page Break

101

Q4 On a scale of 1 to 7, (1 = not difficult at all, 4 = moderately difficult, and 7 = extremely
difficult) how difficult did you find the task?

o 1 (1)
o 2 (2)
o 3 (3)
o 4 (4)
o 5 (5)
o 6 (6)
o 7 (7)
Q5 When listening to the lecture, how did you approach remembering the information? Check
all that apply.

▢
▢
▢
▢

I focused on key words (1)
I listened for key ideas (2)
I tried to connect the ideas to information that I already knew (3)
I rehearsed the information (4)
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Q30 In general, do you think it would be easier to listen to

o A woman while another woman is talking at the same time? (1)
o A woman while a man is talking at the same time? (2)
o A man while a woman is talking at the same time? (3)
o A man while another man is talking at the same time? (4)
Q31 In general, do you think it would be easier to listen to a person talking while another
person is talking at _____________ volume?

o The SAME (1)
o TWICE the (2)
o FOUR TIMES the (3)
Q6 Were there any other strategies or approaches you utilized to remember the information?

o Yes (1)
o No (2)
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Q7 If yes, what strategies did you use to ignore the second speaker?

o I focused attention on the information presented by the primary speaker. (1)
o I focused attention on the voice qualities specific to the primary speaker. (2)
o I imagined that I was studying for a test and was really motivated to ignore the second
speaker. (3)

Q8 When listening to the lecture, you were asked to focus on the primary speaker and ignore
the second speaker. Did you find it difficult to ignore the second speaker?

o Yes (1)
o No (2)
Q9 Did you find it easier to understand the speaker from the lecture you were asked to focus on
or the speaker from the lecture you were asked to ignore?

o I found it easier to understand the speaker from the lecture I was asked to focus on. (1)
o I found it easier to understand the speaker from the lecture I was asked to ignore. (2)
o The speakers from both lectures were equally easy to understand. (3)
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Q10 If you found one of the speakers easier to understand, what features made the speaker
easier to understand? Check all that apply.

▢
▢
▢
▢

The enthusiasm of the speaker (1)
The pace of the speech (2)
The length of pauses during the lecture (3)
The differences in pitch used by the speaker (4)

Q11 As you completed the study task, did your perceived difficulty of remembering the
information change?

o Yes, as the study progressed, I found it easier to remember the information. (1)
o Yes. As the study progressed, I found it more difficult to remember the information.

(2)

o No. The difficulty of remembering the information remained constant throughout the
task. (3)

Q12 Did the loudness between the two speakers seem to change with each 3-minute section of
the lecture?

o

Yes. The speaker from the lecture I was asked to focus on became louder relative to the
"to be ignored" speaker. (1)

o Yes. The speaker from the lecture I was asked to ignore became louder relative to the

speaker I was asked to focus on. (2)

o

The relative loudness between the two speakers did not seem to change with each 3minute section of the lecture. (3)
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Q28 How much information did you already know about Botany before today? Please use the
slider to indicate your answer (0 = no exposure, 50 = I remember seeing/hearing this
information before, and 100 = extensive exposure).
0

10 20 30 40 50 60 70 80 90 100

Botany ()

Q27 How much information did you already know about Chemistry before today? Please use the
slider to indicate your answer (0 = no exposure, 50 = I remember seeing/hearing about this
information before, and 100 = extensive exposure).
0

10 20 30 40 50 60 70 80 90 100

Chemistry ()

Q26 How much information did you already know about Meteorology before today? Please use
the slider to indicate your answer (0 = no exposure, 50 = I remember seeing/hearing about this
information before, and 100 = extensive exposure).
0
Meteorology ()
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10 20 30 40 50 60 70 80 90 100

Q25 How much information did you already know about Nutrition before today? Please use the
slider to indicate your answer (0 = no exposure, 50 = I remember seeing/hearing about this
information before, and 100 = extensive exposure).
0

10 20 30 40 50 60 70 80 90 100

Nutrition ()

Q13 Have you completed or are you currently enrolled in any of the following types of courses?
Please check all that apply.

▢
▢
▢
▢
▢

courses (5)

Botany (1)
Nutrition (2)
Chemistry (3)
Meteorology (4)
I have not completed and am not currently enrolled in any of the above types of
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Q14 Do you consider your performance on this task to be representative of your ability to
remember information?

o Yes. I consider my performance on this task to be representative of my ability to

remember information. (1)

o No. I consider my performance on this task to be worse than my usual ability to
remember information. (2)

o No. I consider my performance on this task to be better than my usual ability to

remember information. (3)

Q15 Were you able to understand the information presented in this study?

o Yes (1)
o No (2)
Q16 If no, what aspect of this study most affected your ability to understand the information?

o I found it difficult to understand the speaker from the lecture I was asked to focus on.

(1)

o I found it difficult to ignore the speaker I was asked to ignore. (2)
o I was more interested in the subject of the "to be ignored" lecture than the subject of
the primary lecture. (3)
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Q17 Were there any aspects of this study that affected your ability to remember the
information presented in this study?

o Yes. (1)
o No. (2)
Q18 If yes, which of the following aspects of the study most affected your ability to remember
the information? Check all that apply.

▢
▢
▢

Listening to one lecture while a second lecture was also playing. (1)
The material covered during the lectures (2)
Speaking ability of the lecturers (3)

Q23 You have now completed the survey. Please notify your experimenter.

End of Block: Default Question Block
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